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INTRODUCTION 


'rhis volume, the eighth in the Raw Materials series, covers the alphabetical secjuence 
Ph-Re and contains a large niimher of entries — plant species, 457 ; .'ininials and animal pro- 
ducts, 5; and minerals, 5. Some of the iinporrant topics covered are; l^hascolus, Phocnixy 
Pi fins, Piper, Pisuni, Plantago, Podophyllum^ Poly^ronumy Pougauiiu, Pnpulus, Priaius, Psidium, 
Ptcrocarpus, Pucraria, Puniaty Pyriis^ Qttcrcus, Raphaniis and Rauvolfia among plants ; Por- 
poises & Dolphins, and Prawns, Shrimps Lobsters among animals ; and Phosphates, Quartz 
and Rare Earths among minerals. 

The compilation of articles on some t>f these topics presented problems, particidarly those 
on genera like Phascolus, Piper, Prutius and Pyrus, Considerable amount of correspondence and 
literature search had to he undertaken on Phascolus to decifle upon tlie taxonomic position of 
the Tndian species, which, according to modern taxonomic concepts, are included under Vif^na. 
In the case of the genus Piper, absence of any taxonomic work on the Indian species posed the 
problem of assigning some of their products to their exact source plant, particularly the several 
types of long pepper. Similarly, the position of the Indian species nl Prunus and Pyrus requir- 
ed careful evaluation. In the case of Pimpinella (aniseed), considerable confusion exists in trade 
as well as in literature regarding the correct identity of the source, plant of the Indian aniseed. 
Examination of market samples revealed that three different plants were involved. On some 
of the cultivated crops like Phascolus, Pisum, Plantap^Oy Piper hetle and Primus, no comprehen- 
sive published information was available regarding the extent of tlieir production in India and 
had to he supplemeiited by correspondence with the authorities concerned and visits to culti- 
vating areas and insiiiiitions specializing on them. On various medicinal plants, i)ariicularly 
those on Plumbago, Podophyllum, Polygala, Psoralea and Rauvolfia, the enormous amount of 
information regarding the chemical constituents and principles had to he carefully evaluated and 
presented concisely. Every effort has been made to give all the available information and bring 
it up-to-date. 

As in the case of the earlier volumes, assistance in the form of contributed articles has been 
received from some outside specialists (mentioned in parenthesis). These articles have been 
utilized in preparing the following entries: Phoenix daclylifera (Shri Daljit Singh, Indian 
Council of Agricultural Research, New Delhi) ; Pinus and Ptcrocarpus (Shri P. Venkataramani, 
Forest Research Institute, Delira Dun); Piper nigrum (Shri Fazlullah Klian, Department of 
Agriculture, Madras) ; Pogostemon cahlin (Dr. M. Chaco, Indian Institute of Science, 
Bangalore) : Ponganiia (Dr. J. S. Aggarwal, Regional Rcsearcli l^i^dioratory, Hyderabad) ; 
Psidium aiul Punica (Dr. I^. B. Singh, National Botanic (wardens, Lucknow) ; Pistacia, Plant ago 
and Psoralea (Ccrntral Drug Research Institute, Lucknow) ; Porpoises & Dolphins (Dr. E. G. 
Silas, Central Marine Fisheries Research Institute, Manda|)am) : Prawns, Shrimps & Lobsters 
(Shri M. Krishna Menon, Central Marine Fisheries Research Institute. Mandapam) ; Phosphates 
(Dr. M. S. Krishnan, Hyderabad) ; Quartz 6 c Silica (Dr. A. G. Jhingran, Delhi) : and Rare Earths 
(Dr. P. B Sarkar, Calcutta). To all these contriburors and insiitulions, we are greatly indelited 
for their assistance and co-operation. Wc are also grateful to Prof. A. 1 ". Hill, Botanical Museum, 
Harvard University, U.S.A., Rev. Fr. H. Santapaii, St. Xavier's (College. Bombay and Shri M. B. 
Raizada, Dehra Dun, for their kind help in checking plant nomenclature : to the President, 
Forest Research Institute, Dehra Dun ; Director, Indian Agricuittiral Research Institute, New 
Delhi : Superintendent, Lai Bagh Garden, Bangalore ; and Director of Arts, Indian Council of 
Agricultural Research, New Delhi, and various other specialists and institutions for the supply 
of illustrations and other material help afforded in the compilation of the articles. Our sincere 
gratitude is due to Dr. Anna Rani, Director-General and other members of the Editorial 



Committee, and to Dr. Nihar Ranjan Ray, Chairman, Executive Council, Publications & 
Information Directorate, for their guidance and keen interest in the execution of the project. 
Sincere appreciation is also due to all the staff engaged on this national project for their 
unstinted labour and co-operation. 

The Editorial Committee has suffered recently a serious loss by the demise, on January i8, 
1969, of Dr. Baini Prasad, who had been .associated with this work ever since 1948. In addition 
to general guidance and constant encouragement he gave to this work, he supervised the work 
connected with the editing of the articles on Animals & Animal Products. We wish to place on 
record our .sincere gratitude and deep appreciation for the services he rendered to this project. 

Recently, Shri R. C. Sawhney, one of our senior colleagues associated with this work ever 
since the first volume, retired from service on June 6. 1969 on attaining the age of superan- 
nuation. Shri Sawhney served this project in various capacities and our sincere appreciations go 
to him for all his devoted services. 

This volume hears, like its predecessors, the imprint of Shri K. R. Ramanathan. one of our 
senior-most colleagues, who has been associate^:! with this series for the past twenty and odd 
years. There has been no area connected with the preparation of this series with which he is 
not at home — whether it concerns the determination of the correct botanical identity of an 
economic plant or the chemical composition of the parts of the plant or the position of a crop 
in the economy of the country, or the likely sources within the country for information about 
less known |)lants. Even the entries under animals and minerals have benefited by bis overall 
review. His sustained and untiring efforts are largely responsible for the completion of this 
volume. 

We arc indebted to Shri S. B. Deshaprabhii, who has been responsible for the excellence of 
production of this volume as well as the earlier ones. The care he has bestowed in the selection 
and preparation of illustrative material, rendering the manuscript press ready, and his vigilance 
during the printing of the volume have made it possible to adhere to a tight time schedide and 
bring out the volume expeditiou.sly. 

To our printers, Sree Saraswaty Press Ltd, Calcutta, we are grateful for a line and expe- 
ditious job. We are particidarly obliged to Shri S. K. Mitra Rai for his unfailing co-operation 
and personal interest in the printing of this volume. 

The nature of the w'ork involved, the increasing volume of literature to he carefully scruti- 
ni/ed and the critical appraisal to be made of the data derived from heterogenous sources, 
all take time and set a limit to the speeding up of compilation, particularly in maintaining 
the standard expcctcfl of this work. Everyone connected with this project is fully aw'are of the 
urgency to complete the remaining volumes as quickly as possible, and every effort is being made 
to complete the task without further delay. 
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PHACELURUS Griscb. (Gramiiiaic) 

A very small genus of perennial grasses from warm 
parts of East Africa and Asia. One species occurs in 
India. 

P. speciosus (Steiid.) C. E. Hubbard syn. Rotthoellia 
spcciosa Hack. 

D.E.P., III, 437 ; El. Br. Ind., Vlf, 1^2 ; Bor. Indian 
For, Rtx„ N.S., Hot,, 1941, 2 (i), PI. XI.VII. 

A perennial I lifted grass distributed in the western 
temperate Himalayas from Kashmir to Garbwal, 
found generally at elevations of i,5(x>-3,ooo m. Root- 
stock very stout ; culms up to 1.5 m. high : leaves up 
to 60 cm. long, hi.spid or glabrous with rough 
margins : panicles greenish or purple : grains oblong. 

It is considered a fodder grass in tlie (Iry bill valleys 
al)ove i,5ix) m., where it is the only fodder grass 
found. It develops an extremely extensive and tough 
root system and may be useful in badly eroded areas 
(Bor, i960, 

PHAIUS Lour. (Orcliidaccac) 

Kl. Br. Ind., V. 816: El. Malaya, I. 170, Eig. 28. 

A genus of terrestrial or epiphytic herbs, distri- 
buted in the tropics of tlu* Old World. Australia. 
Pacific Islands, and in Japan. About eight species 
occur in India. 

Phaius spp. have long leaves and tall clustered 
stems, terminating in racemes of showy flowers. Some 
of these orchids are grown for ornament. Propagation 
is dotie by divisions of dormant pseudohiilhs (Bailey, 
1947, III, 2569). 

P. tankcrvilliav Blume .syn. P, zvallicliii Hook. f. 
(El. Br. Ind.) : P, ifrandifolius Lindl. (Buiak — Tipui, 
tipui ianfffijji, darn yamjori ha) is a terrestrial herb, 
with long ovoid p.seudobulbs bearing beautiful 
fragrant flowers (812 cm. acro.ss), on stout scape, up 
to 140 cm. long, found in the eastern Himalayas and 
hills of Assam ; also recorded from marshy places 
along the streams in Biliar and Orissa. The herb is 
often grown it) gardens. 'I'he scape and the leaves are 
reported to yiclfl an indigo similar to that from 
Indigofvra spp., containing indican. The pseudohulhs 
are .said to he used for strengthenitig twine for fishing- 
nets (Wehmer, T, 190 ; Bressers, 154). 


PHALAENOPSIS Blume (Orchidaccac) 

El. Br. Ind.. VI. 29. 

A genus of mostly epiphytic herbs distributed in 
the Indo-Malaysian region. Eour species occur wild 
in India, and some exotics have been introduced in 
gardens. 

The getuis iticludes some of the choicest of orchids ; 
hut they arc difficult to grow as they seldom afford 
opportunity for divisions and have to he reared from 
seed. Sometimes young plants appear on old flower 
stems : the ones hearing roots can he transferred to 
pots. These orchids are best grown attached to pieces 
of wood, coconut husk and tree-fern roots ; li(|uid 
manure yields good results (Gopalaswamiengar, 515 ; 
El. Malaya, I. 672 : Bailey, 1947, III, 2570). 

P, amabills Blume, the well-known Moth or Moon 
Oucaiii), is grown in wooden baskets for its ornamental 
white flowers (c. 7-12 cm. across) tinted with yellow 
and a few red or purple spots on the lahellum. The 
herh is reported to contain an alkaloid which is toxic, 
to frogs (Gopalaswamiengar. 515 ; Eirminger, 361 ; 
Wehmer, I, 187). 

PHALARIS I anil. (Graminrac) 

A small genus of annutnl or perennial grasses 
distributed in warm temperate regions. Eive species 
are reported in India. 

P. aquatica Linn. syn. P. tuherosa Linn. T(K)wamiia 
Canary Grass 

Bor, 1960, 616: Anderson, loiva Si, J, Sci„ 1961, 
36 ( 1 ). 43 - 

A tufted perennial grass, native of Mediterranean 
region, cultivated in India and other countries. Culms 
up to 1.5 III. tall, swolleti at the base : panicles usually 
cylindric or ovati*-cylindric : grain light brown, with 
finely striate surface. 

This grass is well adapted to sulvtropical, winter 
rainfall climates. It associates well with clover. In 
recent trials in Nilgiris, it has giveti an average yield 
of 7,3cx) kg./ha. during the period November to 
March. It is cold tolerant atid makes good growth in 
mild winter [Whyte ct al., 1959, 362; Rao & 
Ramalingani, Madras a^ric, 1965, 52 , 271 ; Malik, 
Indian Fmg, N.S., 1960-61, 10 ( 8 ), 9]. 
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P, aqiMtka yields a nutritious and palatable forage. 
Analysis of the grass (from Australia) at the flowcr- 
ing stage gave the following values (dry basis): crude 
protein, 5.25; ether extr., 1.42; N-frec exir., 51.53; 
fibre, 3J.15 ; ash, 8.65 ; and phosphorus (PjO.,), 0.30%. 
The grass can also be made into hay. Nutritive value 
of the hay is as follows: protein, 6.5; dig. protein, 
4.1 ; and total dig. nutrients, 46.7V0 ; nutritive ratio, 
10.4 (Whyte ct al., 1959, 362 ; Rao & Rainalingam, 
loc. cit. ; Shapter, /. Cotni, sci, industr. Res., Ausl., 
1935, 8 , 187 : Morrison, iix>8). , 

111 Australia, ruminants grazing on pastures con- 
taining a large proportion of P. aquatica, occasionally 
develop a nervous disorder ‘|)halaris staggers'. The 
nature of the toxin is not clearly known. The toxic 
effect is attributed at least in part to the presence of 
tryptamine alkaloids such as N,N-dimethyl trypta- 
mine, 5-methoxy-N,N-dimethyl tryptamine, and 
5-hydroxy-N,N-diniethyl tryptamine (bufotenine) 
(Culvenor ct al, Aust, /. Cliem,, 1964, 17 , 1301 ; 
Gallagher ct al.. Nature, Loud., 1964, 204 , 542). 

*^1110 straw of P. aquatica can be processed along 
with wheat straw by the sulphate process for the 
production of pulp (Clicm. 1959, S 3 , 16531). 

P. arundinacea liinn. RKtai Canary Crass 

FI. Br. Ind., VII, 221 ; Bor, i960, 616; Anderson, 
lozva St. J. Sci., 1961, 36 (i), 37-42. 

A robust perennial grass with creeping rhizomes 
and erect stem found in Kashmir at c. 1,665 
variable, and a variety of it, var. picta Linn. (Ribbon 
Grass) with striped leaves, is cultivated in the 
gardens for ornament. In Assam, this variety has 
escaped from cultivation in and around Shillong and 
has lost its varietal character. 

The grass is considered useful for grazing when 
young, or as hay. Because of its strong creeping 
rhizomes, it is considered useful in anti-erosion work. 
Several strains have been developed in U.S.A. and 
Canada (FI. Assam, V, 165 : Hubbard, 249 ; Meredith, 
88 ; Whyte ct al, 1959, 360). 

Analysis of the grass from Jammu gave the follow- 
ing values (dry basis): protein, 14.46; ether extr., 
2.21; carbohydrates, 4 i.(k;: crude fibre, 30.21; 
mineral matter, 10.25 : calcium (CaO), 0.79 ; and 
phosphorus (IVI.)* 0.98 Vo. It makes a satisfactory hay 
when cut after the appearance of the first head. The 
hay contains: protein, 7.7; fat, 2.3; N-frec extr., 
44.3 ; fibre, 29.2 ; mineral matter, 7.6 ; calcium, 0.33 ; 
phosphorus, 0.16; dig. protein, 4.9; and total dig. 
nutrients, 45.1 Vi* ; nutritive ratio, 8.2. The grass can 


also be ensiled (Chopra ct al., Indian /. agrk. Svi, 
1956, 269 415 ; Morrison, 378, 1014). 

'riic grass contains hordenine and 5-niethoxy-N- 
methyl tryptamine. Certain unpalatahle strains of the 
grass contained gramine (CnHuN,*, m.p. 133-34°) as 
the major alkaloid (Culvenor ct al, Aust. /. Client., 
1964, 17 , 1301). 

The seed is used as a bird feed (Schery, 422). 

P. canadensis iann. Canary Grass 

Bor, i960, 616; Anderson, lozva St. J. Sci., 1961, 

A tufted annual grass, native of western Medi- 
terranean region, probably introduced into India. 
Culms erect, 20-120 cm. tall ; leaves hairless ; panicles 
ovate to ovate-oblong : grain tightly enclosed inside 
lemma and palea. 

C^anary grass is a j)asture grass, ll can also be made 
into liay. Analysis of the green, forage (dry matter, 
25.8V0) gave the following average values (dry basis): 
crude protein, 13. i ; ether extr., 3.7 : crude fibre, 
26.8 ; N-free extr., 47.0 ; ash, 9.4 ; calcium. 0.44 ; 
phosphorus. 0.29 ; and potassium. 3.i7V*» (Pal & J!>it^gh, 
Indian Fmg, 1949, 10, 423 ; Miller, no, 294). 

In Kurope, the grains of the grass are valued as a 
bird feed and as a cereal. They are similar to ordinary 
cereals in composition and digestibility, but are 
deficient in calcium. They contain about 55 per cent 
of starch and 5-6 per cent of a yellow fatty oil having 
an agreeable taste. The grains are reported to he 
diuretic and are used in bladder diseases (Bailey, 
1947, HI, 2573: Hubbard, 247: Chcni. Ahstr., 1936, 
3^^35 ’ Hoppe, 659: Mensier, 443; Steinmetz, 

l W). 

P. minor Reiz. Smai.l Canary Grass 

FI. Br. Incl., VII, 221 ; Anderson, lozca Si. /. .Sci., 
1961, 36 (i), 30-36. 

Dkliu — Chiriya hajra. 

A tufted, procumbent annual found in the 
plains of western India and the Himalayas from 
Ka.shmir to Nepal, ascending to i,5(x) m. Stems 
30-100 cm. high, stout or slender ; leaves 40-50 cm. 
long, glabrous : panicles ovate-oblong ; seeds lens- 
shaped. 

This is a common weed on cultivated land in the 
plains and is fairly common in Punjab. I 1 iis grass is 
stated to be spreading rapidly in Nadia district of 
West Bengal. It is leafy, succulent, nutritive and 
palatable and with its numerous seeds which are easy 
to collect, shows a great promise as a winter forage 
crop. Recently it has attracted attention for its 
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possible use as a fodder in rice-growing areas. It is 
known to be an adulterant of P, (ujuatica, A form 
with ibe lemiiia either absent or reduced is considered 
as a distinct variety, var. nefudensis (Trin.) Bor and 
is found in North-West Himalayas (i)abadghao ct td., 
Sci, Cidt,, 1951-52, 17 , 1 13; Dabadghao, ibid., 
1951-52, 17 , 233; Clioudhari. Indian For,, 1959, 85 , 
606; Bor, i960, 616). 

The grass is rich in protein and is readily consumed 
by dairy cattle. Analysis of the grass (from Delhi) 
cut at the young and flowering stages gave the follow- 
ing values respectively (dry basis): crude protein, 
19.04, 13.93 ’ ^‘fh^*** 3 72. 5-*^ ' N-free extr., 38.50, 

31.32'; fibre, 21.24, 29.90; ash, 17.5, 19.66; calcium 
(CaO), 1.3, 0.72 ; and phosphorus (PjO.,), 0.89, 0.55% 
(Dabadghao el al., lot:, cit.). 

Trials at Indian Agricultural Research Institute, 
New Delhi, on short duration grass-lcgiimc mixtures 
suitable for cultivation after the harvest of main 
paddy crop, showed a considerable increase in the 
protein content of the grass due to association of the 
grass with the legume, and also a higher output of 
total protein per acre (Dabadghao, loc. cit.). 


In North Africa, the grass has been reported to be 
poisonous in young state, especially to horses (Whyte 
rt til., ujs(), 360). 

'File seeds, used as a bird feed, contain (dry basis): 
protein, 15.31 ; ether extr., 7.60; N-frce extr., 63.26; 
crude fibre, 7.84 ; total ash, 5.99 ; and phosphoric 
acid, 1 . 1 2 Vo (Shaptcr, /. Conn, sci, indnsir. Res,, Anst,, 
1935- *. '« 7 )- 

Phasemy Bean — see Phaseolus 

PHASEOLUS I .inn. (Lvgnminosae ; Papilionaccae) 

A genus of annual or perennial herbs or twiners 
founci throughout the tropics and warm temperate 
regions of the world. About five species occur in 
India, three of them cultivated throughout the world 
mainly for their edible pods. 

The genus Phaseolus, as circumscribed at present, 
includes mostly American species which have stipules 
not prolonged beyond insertion and the keel of the 
flower coiled into 1-5 turns. Most of the Asiatic: 
species previously included under this genus have 
now been transferred to tbe genus Vi^na, They 
comprise those species which have stipules prolonged 
beyond insertion and with keel erect, incurved, 
rarc'ly coiled into a single spiral only. In addition to 
the above characters, the American and Asiatic 
species arc further distinguished by differences in the 
characters of the seed, seedling leaves, shape of the 
pods, colouration of flowers and other floral 
characters. Further, the American species are suscep- 
tible to Collelotrichnm lindemnthiannm (Sacc. & 
Magn.) Bri. & Cav. and the Asiatic species to 
Cercospora craenta Sacc. The Asiatic and the 
American species arc also reported not to cross easily 
with one another. It is stated that the two geogra- 
phical groups may form a homologous series, with 
centres of origin, one in America and the other in 
southern Asia. Recent studies of the seeds and seed- 
lings of species of Phaseolus and Vi^na appear to 
confirm that the Asiatic spec ies are cpiite distinct from 
the American species and their assignment to Vigna 
.seems more logical. Accordingly, all Indian species 
including P, mango (Urd) and P, aureus {Mung), weW 
known for their economic u.ses, will be dealt with 
under Vigna [Wilczek in FI. Congo Beige et 
Ruanda Uriindi, VI, 261 ; Ivanov. liutl, appl. Rot, 
Pl,-Rreed,, 1928. 19 ( 2 ), 185 : Tourneur, Riz et Rizic,, 
*95^. 4 , 131]. 

P. adenanthus G. F. W. Mcy. 

D.E.P., VI(i), 186 ; FI. Br. Tnd., TI, 200. 
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liKsc.^B/mharhati : TvA -'KaraUisami ; Tam. & 

MAL^-Kattupayaru, 

ORAOS—Mftsikapulii ; Mi’ndari — Tasad-chandoa ; 

Bombay — Kullounda, 

A sul)-glabroiis perennial with tuberous roots found 
tbroughout the plains of India from the Himalayas 
to Kerala, but not cultivated. Iamvcs irifoliolate: 
leaflets, 7.5-10.0 cm. long ; flowers very showy, red or 
light blue, fragrant : pods flat, 10-15 ’*4 

broad, glabrous, much recurved, 10-15 seeded : seeds 
nearly circular, flat, 6 mm. in diam., black. 

The plant is worth growing for ornament. The 
tuberous roots are eaten in C'hota Ntigpur in times of 
scarcity. A decoction of the plant is u.sed in bowel 
complaints and strictures. The roots are used to 
stop excessive salivation (Hal/iel, 254 ; Bressers, 
45-46 ; Kirt. & Basu, T. 800). 

P. coccineus Linn. syn. P, midiifhrns Lam. 

Ml LllFLORA Be.\\, ScARI.KT Ri^NNKR BeAN 

n.E.R. VI(i). 1S7 ; Hector, II. 671 ; Bailey. 1947. 
m. 1576, Fig. 2892-^. 

A perennial with thickened tuherous ro<»ts, nsually 
grown as an annual ; stems slender and twining or 
luishy in .some varieties : leaves trifoliolate : flowers 
showy, large, generally briglit red in colour or 
occasionally white : pods 10-30 cm. long, slightly 
curved and plump, glabrous or faintly pubescent, 
with a stout beak : seeds large, broadly oblong, 
flattened, i. 8-2.5 tisually nearly black with 

red markings, rarely white. 

This species is considered to have originated in 
Mexico and Guatemala where it is found wild. It 
includes three botanical varieties: var. rubronanus 
Bailey, a red-flowered bushy type : var. alhus Bailey, 
the White Dutch Runner : and var. albonamis Bailey, 
a biKsh form with white seeds. It has been intro- 
duced into various countries including India and 
cultivated in gardens for its edible pods. The plant 
is also grown for ornamental purposes (Bailey, 
1947, III, 2576 ; Yarnell, Rot, Rev,, 1965. 31 , 247 ; 
Zukovskij, 24). 

This bean is diflicult to cultivate .satisfactorily in 
most parts of India. It thrives with little care on the 
hills, and can give good return, if properly attended 
to. Runner beans are sown from middle of August to 
middle of October in the plains and from beginning 
of April to end of June in the hills. Deep digging, 
heavy manuring and thorough preparation of the soil 
are essential for a good crop. The crop should be 
watered copioii.sly in dry weather. The .seeds arc .sown 


about 5 cm. deep and spaced 20-30 cm. in the row. 
Since the plants trail, staking is nece.s.sary. The red- 
flowered variety is used for ornamental screen plant- 
ing and on arbors ; the w'hite-flowered variety is 
grown for the beans (Yarnell, loc. cit. ; Firminger, 
162 : Oollan, 19 ; Purevval, 82). 

P, coccineus has been successfully crossed with both 
P, lunalus Linn, and P, vulfraris Linn. (Yarnell, 
1(K*. cit.). 

The tender young pods and the green shelled beans 
(.seed.s) are eaten as vegetable : the mature dry beans 
may 1 m? used as a pidse like other beans. The edible 
portion (59'/..) of the pods gave on analysis the follow- 
ing values: moi.sture, 58.3; protein, 7.4: fat, 1.0; 
carbohydrates, 29.8; fibre, 1.9: and mineral matter, 
1.6%; calcium. 50: phosphorus, 160; iron, 2.6; 
thiamine, 0.34: riboflavin, 0.19: and vitamin C, 
27 mg.; vitamin A, 57 I.U./ioo g. The beans are a 
good .source of vitamins of the B-group and contain 
a fair amount of iron. Analysis of the fresh, shelled 
beans gave the following values: moisture, 34.2; 
ether extr„ 0.3 : crude fibre, 12.2 ; nitrogen, 2.6 ; and 
ash, 2.8% ; calcium, 60.6 ; phosphorus, 276.6 ; iron, 
4.1; carotene, 0.034; thiamine, 0.538; riboflavin. 

O. 138 ; niacin, 2.3 ; and ascorbic acid, 0.2 mg./ too g. 
Cibberellins A,, A,. A,., and A^ have been found in 
immature beans. The dry beans yield 1-2 |)er cent of 
a brownish red fatty oil having the following charac- 
teristics: sp. gr.' ‘ , 0.920; n“’ , 1.476: .sap. val., 190: 
iod. val., 141.2 ; solid, p., — 12" ; and iinsapon. matter, 
1-2^;, (Schery, 402 ; Samp.son, Kcze Bull, Addl .Scr., 
XII, 1936, 136 ; Nutritive Value of Indian Foods, 60, 
97, 127; Munsell et (d„ Food Res., 1950. IS, 34; 
Holman, Nutr, Abstr. Rev,, 1956. 26 , 277 : Brian, 
Sci. Progr,, 1961, 49 , 1 ; Mensier, 445). 

Roots contain 18.6 per cent of starch (amylosc 
content, 27",,) (Hort, Abstr,, 196.^. 34 , 292). 

P. lathyroides Linn. syn. P, semiercclus Linn. 
Phasemy Bea.\ 

FI. Br. Ind., TI, 201 ; Mayiiranaihan, 88. 

A sul>erect, shrubby plant, 1.2 1.5 in. high, native 
of Central and South America and West Indies and 
found naturalized in Madras, Maharashtra and West 
Bengal. Leaves trifoliolate ; leaflets glabrous when 
mature; flowers deep purple; pods 7.5-10.0 cm. x 
0.3 cm., nearly cylindric. silvery pubescent when 
young and nearly glabrous when mature ; .seeds about 
20, rectangular, 3.0-3.5 rnin. long, dark brown. 

Phasemy bean is a summer legume, but retains its 
leaves until heavily frosted : it .shoots again from the 
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base with the advent of spring rain and higher 
temperatures. It responds well to fertili/ers. In 
pastures it is reported to eomhine well with Paspalufu 
scrohkulalum and .similar grasses. It can also he cut 
for hay or fed giwn to J>igs. ft is palatable and highly 
nutritive (Whyte ct a!., 304). 

It is fast growing and well adapted for green 
manuring ; it becomes woody when malure and can 
he used, therefore, only when young. The plant is 
reported to have yielded about 23,520 kg. of green 
matter per hectare (Use of I^ieguminous Plants, 234 ; 
Burkill, II, 1708 ; Bavappa & Rao, Madras agric, /., 
1957, 44, 287). 

In the Philippines, the .seeds are sometimes eaten 
as a substitute for green gram (Brown, 1941, II, 142). 

P. lunatus Linn. syn. P. inamoenus Linn. Doubi.k 
Bean, Lima Bean, Burma Bean, Rangoon Bean 
I 3 .E.P., VI(i), 186 : C.P., 880 ; KI. Br. Ind., II, 200 ; 
Hector, If, 673. 

Hindi — Sem ; Tam. — Khasi kollit ; Punjab — 

Lohiya ; Bombay — DajuL 


A perennial or annual, native of Central or South 
America, and nearly naturalized in Africa ; it has 
been introduced into India and other countries in the 
tropics and sul>tropirs and found mainly under 
cultivation for its pods and seeds. I -.eaves trifoliolatc ; 
flowers generally white ; pods 5.0-7 .5 cm. long and 
1.8 cm. broad, Hat, somewhat pubescent, with a very 
sharp beak ; seeds rhomboidal, more than 1.20 cm. 
long, flat and thin, white, brown, red or speckled ; 
when markings arc present they radiate from the 
hilum. 

I'he centre of origin of lima beans is considered 
to be in the region of Guatemala. Three lines of 
distribution are traced from this centre, viz. (/) the 
llopi branch extending northwards to the United 
States of America and comprising mostly Hat and 
medium-sized beans ; (it) the Carih hratich carried to 
West Indies and Amazon basin, consisting mainly 
of oval or roundish beans, brightly red coloured and 
containing a high cyanide content ; and (iit) the Inca 
branch radiating southwards to Peru, giving ri.se to 
large lima beans. The characteristic flavour of lima 
beans is due to a small amount of HCN present in 
them. Most of the types cultivated in India, Burma, 
Java and Mauritius arc believed to be derived from 
the Carih branch, as indicated by their high cyanide 
content. All tlie three branches have contributed to 
the evolution of modern horticultural types, possibly 
due to lielil crossing by insects, not only within the 
group but also between groups, or by mutation. All 
evidence supports the conclusion that all of the many 
and diverse forms of the lima bean belong to a single 
species [Zukovskij, 24; Mackie, llilgardia, 1943-44, 
ISy I ; Yarnell, Rot, Rev,^ 1965, 31 ( 3 ), 247). 
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There are two main groups, large-seeded Lima 
Beans and small-seeded Sieva Beans. According to 
Bailey, P, liniatus Linn, is the Sieva, Civet, Sewee or 
Carolina Bean, and P, limensis Macf. is the Lima 
Bean. Kach of these groups includes tall growing pole 
types and dwarf hush forms. The hush forms arc said 
to have originated as mutants or sports of tall pole 
types. On the basis of leaf and pod characters, five 
forms Jiave been recognized. They are : forma 
mamkarpm (Flat Lima), forma ^aiicis (Willow- 
leaved Lima), forma lunonanus (Bush Sieva), forma 
limenanm (Bush Lima), and forma solanoides 
(Potato Lima) (Yarnell, loc. cii. ; Van Eseltine, Tech, 
Bull, N.V, St, a^ric, Exp, Sta„ No. 182, 1931). 

P, Umatus has been successfully crossed with 
P, coccineus. The cross between P, lumtus and 
P. vulgaris is successful only in the second generation 
(Yarnell, loc. cit.). 

Cultivation — Though very widely grown in the 
tropics, the lima bean is much more sensitive to 
environment than many of the other cultivated 
species of Phascolus and has consetjuently developed 
into a crop of primary importance only in certain 
countries. It retjuires a long growing season free from 
frost and a dry season during maturation of the seed. 
In India, it is a popular crop grown widely by borne 
gardeners and as a market crop near urban centres. 
Some of the types grown in India are Double White 
(Butter Bean), Single White, Chocolate Brown 
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(Sultani), Speckled, Florida Butter, Challenge, Hopi, 
Wilbur, Burpee Bush, Fordhook 242 and Henderson 
Bush (Samp.son, Kew Bull, Addl Ser., XII, 1936, 216 ; 
Patel, Poona agric. Coll. Mag,, 1950-51, 41, 21 1 ; 
Rahman et al,, Curr, Set,, 1947, 14, 351 ; Choudhury, 
108). 

Lima beans are cultiv;ued throughout India, parti- 
cularly in As.sam, West Bengal, Uttar Pradesh, 
Madras, Mysore, Maharashtra and Punjab. The crop 
requires a cool climate and a rainfall of 42.5-75.0 cm. 
It thrives well on fairly rich, loamy soil. Seeds are 
dibbled in July at the rale of 12 kg. per hectare ; the 
distance between the seeds is kept at 1.2 m. in the 
line and about 1.8 m. between lines. The crop requires 
irrigation and heavy manuring except when it follows 
a heavily manured sugarcane crop. In the case of the 
trailing types (Pole Limas), bamboo supports are 
necessary, but the Bush Limas need no such support 
(Patel, loc. cit. ; Solomon, Bull, Dcp. Agric. Bombay, 
No. 186, 1951, 191 ; Pocha’s Garden Guide, 133). 

Diseases and Pests Lima beans are subject to dry 
root rot, anthracTiose and rust. Downy mildew caused 
by Macrophomina phascoli (Maiibl.) Ashby is con- 
sidered specific for all lima i)eans. The root rot of 
lima beans is a complex involving the fungi Fusarium 
solani f. phascoli (Ihirkh.) Snyil. & Hans., Pythiuni 
ultimum Trow, Rhizoctonia solani Kuehn, Thiclvi- 
opsis basicola (Berk. & Br.) Fcrr. anti Macrophomina 
phascoli (Mauhl.) Ashby. It is suggested that wire- 
worms present in the soil may predispose the plants 
to root rot. A|)plicaiion of fumigants like dichloro- 
propane-dichloropropylenc mixture and ethylene 
dibromide solution and of insecticides like benzene 
hexachloride and DDT is said to reduce the incidence 
of root rot (Middleton et al,, Phytopathology, 1949, 

32,813). 

A yellow mo.saic has been reported to he caused by 
a virus called the Double bean yellow mo.saic virus. 
The disease is characterized by the appearance of 
bright yellow patches on the leaflets which may 
occasionally become completely chlorotic. C^ertain 
types are resistant to this disease (Capoor & Varma, 
Curr. Sci., 1948, 17, 152). 

Utilization and Composition — ^I.ima beans (seeds) 
are eaten fre.sh or after drying. They may also be 
fried in oil. Fresh beans when young are tender and 
sweet. The wliitc forms are considered superior. Dried 
lima beans are boiled or baked for table use. In 
U.S.A., the beans are canned and frozen in large 
quantities (Brown, 1941, II, 142; Jacobs, II, 1275; 
Crucss, 236 ; Prabhakar et al., Food Sci., i960, 9, 307). 
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The beans are rich in protein and contain a good 
amount of minerals. Analysis of the edible portion 
of green lima beans (from Philippines) gave the 
following values: moisture, 69.2 ; nitrogen, 1.3 ; ether 
extr., 0.3 ; crude libre, 0.5 ; and ash, 1.5% ; calcium, 
9; phosphorus, 97; iron, 1.3; carotene, 0.055 : 
thiamine, 0.031 ; riboflavin, 0.093 * nicotinic acid, 
1.6; and ascorbic acid, 30.8 mg./ 100 g. A sample of 
dried ri|)e lima beans of a white-.seeded type from 
Mysore contained: moisture, 13.3; albuminoids, 
19.7; carbohydrates, 57.8; oil, 1.2; fibre, 4.3; and 
ash, 3.77'.. Folic acid (0.034 mg./ kx) g., in green beams) 
and iodine (5 /«g./ 100 g., dry basi.s) are reported to 
be present. The beans also contain a proteinase of the 
papain type, carotene oxidase, lecithin (0.627'.), 
cephalin (o.oc/X*)* K^nn, anil tannin. With maturity, 
there is an increase in the starch and protein and a 
decrease in sugar and ascorbic acid contents of the 
beans (Intengan et aL Fhilipp. /. Sci., 1953, 82 , 227 ; 
Afrric, Lcdirer, No. 2, 1905, 11 ; Sherman, 432 ; Iodine 
Content of Foods, 93 : Jacobs, II, 1275 : Chem, Ahslr,, 
1959, 53 , 22300 ; Wehmer, I, 580 ; Yamaguchi ct /?/., 
Food Res,, 1954, 19 , 617). 

I'he chief proteins of lima beans, like tho.se of the 
other beans, arc a-globulin (N, 15.55% ; S, 1.277,'.) and 
jS-globulin (N, 14.81% : S, 0.35%); a small ipiantity 
of an albumin is also present. The essential amino 
acid composition of the total proteins of lima beans 
is as follows (g./i6 g. N): arginine, 6.1 ; histidine, 
3.4 ; threonine, 4.7 ; phenylalanine, 6.2 ; methionine, 


1.5 ; leucine, 8.3 : mjleucine, 6.0 ; lysine, 5.9 ; 
tryptophan, 0.9 ; and valine, 7.8. Methionine is the 
limiting amino acid. The proteins of fresh, immature 
xans are reported to he superior in nutritive value 
to those of mature beans. 'I’he proteins in the raw 
beans have a low digestibility which can he improved 
by cooking: at 10 per cent level of protein intake, 
the coellicient of digestibility in the raw and cooked 
beans was 34.0 per cent and 51.3 per cent respectively. 
The raw beans contain a highly concentrated trypsin 
inhibitor and a haemagglutinin both of which are 
destroyed by cooking or autoclaving; the trypsin 
inhibitor retards growth of rats while the iatter 
agglutinates human red blood cells (Jacobs, II, 1272- 
74 ; Altschul, 726, 308, 93 ; Kuppuswamy rt al., 36-37, 
43 : Nttir, Abstr. Rev,, 1949-50, 19 , 379 : lluprikar & 
Sohonie, /. sd. industr. Res,, 1961, 20 C, 82). 

The dry beans contain 1-2 per cent of a brown 
fatty oil having the following characteristics: sp. 
gr."*’, 0.921 ; 1.4772; solid, p., c. ; sap. val., 

189.3 ‘ val., 99.8 ; titre of mixed fatly acids, 26° ; 
and unsapon. matter, c. i % (Mensier, 445). 

The green vines are used as fodder ; dehydrated 
vines contain 12.5 per cent protein. Silage prepared 
from the vines after the removal of the green pods is 
reported to be a satisfactory feed for dairy cows ; its 
nutritive value is as follows: dry matter, 27. v. 
protein, 3.3 ; dig. protein. 2.1 : and total dig. nutrients, 
14.270 ; nutritive ratio, 5.8. The vines arc also 
made into hay (Miller, 30 ; Morri.son, 325, 493, 
1036). 
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Lima beans contain a cyanogenctic glucosidc, 
named phaseolunarin (or linamarin, C,oH„OftN, m.p. 
142*'), and a specific enzyme which hydrolyses it 
under favourable conditions to glucose, acetone and 
hydrocyanic acid. I'he concentration of the glucosidc 
varies widely in dilferent samples ; the amount of 
hydrocyanic acid liberated may vary from nil to 
0.05 per cent or even higher. The dark coloured wild 
beans arc believed to contain greater quantities of 
hydrocyanic acid (up to 970 p.p.m.) than the light 
coloured cultivated types. Up to too p.p.m. of HCN 
arc considered as non-injurious to human beings. 
The amount of hydrocyanic acid released by some 
common Indian types is as follows: Double White 
(Butter Bean), 90-160 : Single White, ioo-3(x) (over 
5(H) in some samples) ; Chocolate Brown (Sultani). 90- 
140 : and the Speckled, 150-350 p.p.m. Roasting or 
boiling of the beans, particularly the large white 
types, removes the hydrocyanic acid from them al- 
most completely, thus rendering them safe for human 
consumption. The bean flour can be detoxicated by 
moistening followed by drying. Lima beans have also 
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been used to a large extent as cattle feed. Since they 
are generally fed in the raw state to animals, they 
should be used with caution for such purpose. Cases 
of poisoning have been reported due to the consump- 
tion of I be beans and steps have been advocated to 
prohibit their import mainly from Burma (Mcllroy, 
22 ; Thorpe, VI, 91 : 1, 659 ; Rahman et al, Curr. Sci., 
* 947 » 35 > J Lander, 25(9-60). 

The leaves contain hydrocyanic acid (0.03-0.06%) 
and a new thiol, named phaseothione. The stems anti 
pods arc reported to be cyanogenctic (Webmer, I, 
580 ; Price, Nature, Loud,, 1957, 180 , 148). 

The young seedlings are said to be eaten. In 
Malaya, the leaves arc reported to be used in the form 
of a pulp to colour puddings green (Schery, 402 ; 
Burkill, II, 1709). 

The plant has been used in Malaya as a cover crop 
of short duration and as green manure. The Maorese 
are said to make hay of it for use in the dry season 
(Whyte ct aL, 304 ; Burkill, II, 1709). 

The seeds are astringent and used as diet in fever. 
Ill Java, they arc used medicinally in the form of a 
poultice applied to the abdomen for curing stomach- 
ache in small children (Chopra, Nayar & Chopra, 
189 ; Burkill, II, 1709). 

P. vulgaris Linn. syn. P. nauus Tinn. rRENcn 
Bej^vn, Dwarf Bkan, Kidney Bean, IIaricoi' Bean 

D.E.P., VI(i), i(;4 : PI. Br. Ind., II, 200 ; Hector, II. 
667. 

IIiNDi — Bukla, labia, frasli beau, rajwali (seed) : 
M\K,~Shravanghevda ; C,v].~Phanasi ; Tel. -Bari- 
gain ; Kan. — Tiufralavari. 

Punjab — Babri. 

A sub-erect or twining annual, native of tropical 
America and now grown extensively throughout the 
warm regions of the world. Leaves trifoliolate ; 
flowers white to violet-purple ; pods slender, 10-26 cm. 
long, straight or slightly curved, sides convex or 
rounded, surface glabrous or faintly pubescent, beak 
prominent ; seeds more or less kidney shaped, elon- 
gated or nearly globular or somewhal compressed, 
white, red, purple, blackish or mottled. 

The French bean is reported to have its primary 
origin in southern Mexico and Central America and 
a secondary origin in the Peruvian-Ecuadorian- 
Bolivian area. It is considered to have arisen through 
a scries of recessive mutations. A climbing annual 
wild bean, P. aborigineus Burkart, found in northern 
Argentina has been crossed with P. vulgaris. It 
is concluded that the French bean has been 
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derived from ihe former (Yariicll, Bot. Rev,, 1965, 
31, 247). 

French bean is grown almost throughout India for 
its green pods. It thrives best in a relatively warm and 
humid weather. The hilly tracts arc more suitable 
for its cultivation in the summer months since 
temperatures in the plains are too high (Sampson, 
Kew BulL Addl Sar,, XII, 1936, 138 ; Purewal, 46). 

Varieties of French beans have been classified 
variously, some based on morphological characters of 
the plant, pod and seeds, while others are based on 
their mode of use. Some important characteristics 
mentioned are: plants bushy or trailing ; pods flat or 
rounded, curved or straight, brittle or stringy ; seeds 
white, coloured or mottled, uniform, rounded or 
flat, big or small. Amongst these, the seed colour, 
shape and size arc given a prominent place (Tracy, 
RulL U.S. Bur, PI, hid,, No. 109. 1907 ; Stcinmelz 
& Arny, /. agrk, Rc,^,, 1932, 4S, i ; Thompson & 
Kelly, 444). 

The characteristics of some of the French bean 
types reported to be grown in India are given in 
Table i. In addition, there are reports of new varieties 
from Hungary under trial in the Nilgiris. Some of 
the other types reported to be grown in India 
are: Dwarf Dutch, Mont d'Or, Dwarf Algerian, 
Dwarf Yellow, Canadian, New Golden Wax, White 


Sword, White Predane, Princess Runner, Broad Pod 
Kidney and Contender (Pocha’s Garden Guide. 132 ; 
Pal ct ah, Indian /. Ilort,, 1956, 13, 67 ; Sampson, loc. 
cit. ; Woodrow, 267 ; Purewal, 46). 

Cultivation — French bean is grown on all kinds of 
soil, hut does best on loam. A very rich soil is avoided 
as it leads to excessive vegetative growth at the 
expense of fruiting. Only a single crop is raised 
annually hut as tlie pods are ready within two 
months, sowing is usually done in succession, at inter- 
vals of a fortnight each, to ensure a steady supj)ly. 
In the |)lains, beans are sown from the middle of 
August to the end of October or earlier in Jiine-July 
if the weather is not too hot and the rains not loo 
heavy. On the hills sowing is done from the end of 
March to the end of June. 

The land is prepared by adding about ^o cartloads 
of manure per hectare and giving 2-3 plougliings. 
The soil is well pulverized and the surface made 
smooth. Seeds arc sown thinly in rows about 45-60 
cm. apart, at a distance of 7.5-10.0 cm. in the rows. 
Seed rate is about 67 kg. per hectare. As the plants 
come up, cultivation is given fre(|ucntly during the 
entire .season of growth in order to keep tlic crop free 
of weeds ; the crop is irrigated about once a week 
when the weather is dry (Purewal, 46 ; Pocha’s 
Garden Guide, 132). 


TABLE I-CIIARACTERISTICS OF IMPORTANT FRENCH BEAN TYPES GROWN IN INDIA* 


Type 


Udtanicnl charaettTs 


Pleiilirul 


Bush variety 


Black Priiicr 


do. 


Agricultural cliaraciers 


Giant Striiigicss Crern 
Pod 

Kcnluckv Wonder 


Bush variety ; ptids very long, scimitar-shaped, sharply 
constricted hetwceii seeds; stringless; seeds truncate 
or rounded at ends, brownish in colour 

'I'railing variety ; pods very long, scimitar-sha{)cd, slight- 
ly stringy, without fibre ; seeds long, rounded or iriin- 
c.'ite at ends ; solid chamois in colour lading to dark 
lawn 


No. ;UA 


Trailing variety growing luxuriantly ; jmkIs green, long, 
flat : seeds white 


Kariv \ariety maturing in 6 7 weeks; yielil 
6.720 kg. ha. Suitable for Poona, Belgaum and 
Ahmadnagar districts 


Pencil Pod (No. 5S) 


Plant of medium stature ; |mk1s light green, long, 
round fleshy, tender and sweet ; .seeds chocolaie- 
colf)ured 


Karly variety maturing in 6 weeks ; yield about 
•l,4S() kg. ha. Suitable for Ahmadnagar and 
Belgaum districts 


Contender 


No. 4 Open 


Bush variety with vigorous growth ; |mkIs of Imth large 
and sinali size ; the former with an off-round shape 
and the latter with oval .sha|K' 

Bush variety ; pods yellow, medium in length, smooth, 
tender and very sweet 


A high yielder, widely adapted ; resistant to hean 
mosaic 

r.arly variety ready for harvest in 5 weeks ; yield 
about 2,240 kg. ha. Suitable for Poona, 
Belgaum and Ahmadnagar districts 


•Tracy, Hull. V.S, Hur. PL hut., No. 109, 1907; Kohle, Poona af^ric. Coll. A/rig., 1961-02, 52(1 & 2), 17; Singh el ah, Indian 
/. Hort.f 1964, 21 , 221 ; Hull. Minis!. /Igric., Lond,^ No. 87, 1962, 4-.‘i ; Zaumeyer, b'mrs* Hull., C.S. Dep. /Igri’c., No. 19l.*i, 1957; 
Hills ct al., Hull. Fla af^ric. F..\p. Sta., No. 5.10, 195.1. 
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Diseases — French bean is subject to diseases such 
as anfhracnosc (often called rust), mosaic, dry rot, 
etc. Antliracnose is caused by Collctotriclium Unde- 
mulhianum (Sacc. & Magn.) Bri. & Cav. attacking 
the leaves, stems, pods and seeds. Cankers are found 
on the stems and leaf veins : rounded or irregular 
sunken spots are formed on the pods. In severe cases, 
the pods may be completely covered with spots and 
no seed is produced. Rains increase the severity of 
antliracnose disease. Roguing of diseased plants, use 
of disease free seed or growing antliracnose resistant 
varieties is advised (Krishnamurthi, 97 98 ; Venkata 
Rao, Madras agric. 1955, 42, 104). 

A leaf-spot disease has been recorded from the 
Nilgiris. Dark brown .spots of varying sizes and 
shapes appear on the leaves. The causal organism is 
identified as Isariopsis griscola Sacc. (Srinivasan, 
Cnrr. .SVz., 1953, 22, 20). 

Several other fungal diseases have been recorded 
on I'rench beans. They are leaf blotch caused by 
/l.scoc/iy/^/ phaseolorum Sacc., and rust caused by 
Uromyces appcndicidatus (Pers.) Link (Indian /. 
agric. Sci.y 1950, 20, 107 ; Butler, Bisby & Vasudeva, 
213, 256, 1 16). 

Pests — French bean is subject to the attack of 
many insects, the most important of them being the 


cpilachna beetle, flea beetle, aphids, etc. Kpilachna 
beetle (Epilachna vigintioctopwiclata h'abr.) is one 
of the worst enemies of French bean. The adult 
breeds and the immature grubs feed ttpon the 
epidermis of the leave.s, resulting in the tirying 
and falling of the attacked foliage. The insect 
can be controlled by spraying wiih rotenone, 
parathion, malathion or cryolite (Ahmed & Alam, 
Pakist. /. Sd.y i960, 12, 195 : 'fhompson & Kelly, 

450 - 50 - 

The flea beetle (iMUgitarsus helgaiimensis) attacks 
the bean plants within a day of germination. The 
leaves become marked with .shot holes and are thus 
deprived of effective foliar surface for photosynthetic 
activity. Soaking the seeds in systox solution before 
sowing has been found to keep down the jiest 
(Ramasubbaiah & Krishnamoorihy, Andhra agric, 
J., 1961, 8, 190). 

The root portions of French bean plants arc 
attacked by the aphid, Smynthnrodes betae Westc= 
Trifidaphis phaseoli (Pass). The aphids cluster round 
the roots. The plants get stunted (Channa Ba.savanna, 
Mysore agric. J., 1958, 33, 220). 

A bean fly (Melanagromyza phaseoli Coq.) has 
been found to cause considerable damage to French 
beans. The general symptoms of the attack arc the 
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drooping and withering of leaves and finally the 
wilting of the plant. Nicotine sulphate and DDT are 
reported to be effective in reducing infestation (Reddy, 
Curr, Sci,, 1961, 30 , 192). 

Harvesting and Yield — Flowering iii French hean 
starts 40-45 days after sowing and a week later pods 
begin to appear. Beans are harvested for the table 
before the constrictions on the pods become evident. 
The pods are picked by hand at intervals of a 
few days and 4-6 pickings are taken. It is most 
important to keep the plants closely picked since 
failure to do this will result in the plants going out 
of hearing and will reduce the yield considerably, 
riie yield of green pods is 4,480-5,600 kg. per hectare 
(Purewal, 46 ; Solomon. BtdL Dep, Agric, Bombay, 
No. 186, 1951, 191). 

Before marketing, the broken and the diseased 
pods, leaves and butts of stem are removed. Pre- 
packaging in consumer si/e polythene bags with 1.17 
per cent aeration and storing at room temperature 
anrl at 80-85 P^‘i‘ increased the shelf life of 

I’rench beans from 3 days to 6-7 days (Purewal, 46; 
Anandaswamy & Iyengar, Food Svi,, 1961, 10 , 279). 

Uj'ilizahon and CoMPo.srnoN 

French beans are mainly used as a vegetable in the 
unshelled condition or as a pulse in the shelled condi- 
tion. The j)ods which are discoloured or otherwise 
unsuited for human consumption are fed to livestock. 
Bean straw is also used as an animal feed (Hill, 338 ; 
Morrison, 325). 

'Phe edible portion (y4V«') of the green tender pods 
contain: inoi.sture, 91.4; protein, 1.7; fat, o.i; 
carbohydrates, 4.5 : fibre, 1.8 ; and mineral matter, 
0.5';.'. ; calcium, 50 : inagnesimn, 29 ; phosphorus, 28 ; 
iron, 1.7 ; ionisable iron, 1.0 ; sodium, 4.3 ; potassium, 
120 ; copper, 0.2 ; sulphur, 37 ; and chlorine, 10 mg./ 
too g. The vitamin contents arc as follows: vitamin 
A, 221 T.U. ; thiamine. 0.08: riboflavin, 0.06; 
nicotinic acid, 0.30: and vitamin C, 14 mg./icx> g. 
The pods also contain peclic substances (as calcium 
pectate, 9-15%, dry basis, depending on pod length), 
oxalic acid (0.03%), mannitol and sugars including 
glucose and fructose (1.1670). The following free 
amino acids have been identified in the vegetable: 
alanine, glutamic acid, valine, tyrosine, phenyl- 
alanine, aspartic acid, glutamine, serine, glycine, 
threonine, y-aininobutyric acid, pipccolic acid, 
methionine, leucines and traces of cystine and lysine. 
With the maturity of pods, the contents of carotene, 
thiamine and riboflavin decrease while those of 


niacin, ascorbic acid, calcium, phosphorus anti protein 
are found to increase | Nutritive Value of Indian 
Foods, 61, 97, 128; Kertesz, 294 96; Wehmer, J. 
576; Sah & Gupta, Agra Ihiiv. J. Res. (Sci), i960, 
9 , 191 ; Rao et al., J. sd. indust r. Res., 1956, ISC, 39 : 
Jacobs, II, 1261-65]. 

I^argc (jiiantilies of green tender pods are preserved 
in U.S.A. by freezing and canning, b'rozen pods arc 
more palatable and have a better colour than canned 
pods. For freezing, the pods are blanched in live 
steam or boiling water for 2 to 2.5 minutes, after the 
strings and ends are cut. They art: then frozen 
rapidly and packed in containers and stored at 
- 18” to —23°. For canning, the pods should he deep 
green, crisp and tender and as free from lihre and 
strings as possible. The ptnls are snipped by hand or 
machine, graded into various sizes, blanched in lioi 
water at 85-88“ or steam for 1.5 to 2 minutes anti 
then canned in 2 per cent brine. There is a consider- 
able I0.SS of vitamins during freezing or eanning. the 
loss of ascorbic acid being particularly heavy (Jacobs, 
IT, 1270: Cruess, 812-15, 229-33: Nutr. Ahstr. Rev., 
1949-50. 19 , 836 ; Dhopeshwarkar & Magar, /. sci. 
industr. Res., 1954, 13 B, 849; Chem. Ahstr., 1951. 
45 , 1699). 

The beans (seeds) can be used after drying in the 
same way as other pulses. Dried beans commonly 
marketed under the name Rajtnali are used in the 
.same way as cowpea anti gram. They are consumed 
after cooking and mixing with .salt and condiment.s. 
Beans share with peas the virtue of being among the 
mo.sr nutritiotis of the vegetable crops. They contain 
high percentages of both proteins and car holt yd rates 
and rank high in calorific value. 1'hey compare 
clo.sely with meat as a source of protein. Owing to the 
nature of their protein content, heatis require cooking 
to improve their digestibility. Beans are best suited 
for manual workers or for growing children, hut 
.should he eaten in nuKleration by persons who lead 
.sedentary lives. 

Analysis of a market .sample of Rajmali gave the 
following values: moisture, 12.0: protein, 22.9; fat, 
1.3; carl)ohydrates, 60.6; and minerals 3.2%: 
calcium, 260: pho.sphorus, 410; and iron, 5.8 mg.; 
calorific val., 346 cal./ux) g. The vitamin contents of 
the beans are: thiamine, 0.6: riboflavin, 0.2; 
nicotinic acid, 2.5 : and ascorbic acid, 2.0 mg./i<x) g. 
The mineral comjxisition of the beans from another 
source was as follows: .sodium, 43.2; pota.ssium, 
1,160; calcium, 180; magnesium, 183: iron, 6.65; 
copper, 0.61 ; phosphorus, 309 ; sulphur, 166 ; and 
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chlorine, i.8 mg./ loo g. The beans contain also 
iodine (1.4 /^g./ioo g.), manganese (1.82 mg./ 100 g.), 
and arsenic (0.03 mg./ 100 g.). I'lic carbohydrate 
constituents of the beans arc; sugars, 1.6; dextrins, 
3.7 ; starcli, 35.2 ; pentosans, 8.4 ; galactans, 1.3 ; and 
cellulose, 3.1%. Peclic substances (0.7%) arc also 
present. Among the miscellaneous substances in the 
bean are “phaseothione”, traces of hydrocyanic acid, 
allantoin, allantoic acid and the enzymes catalase, 
succinic dehydrogenase, phosphatase, allantoinasc 
and Liricase (Nutritive Value of Indian Foods, 53, 89 ; 
Wu Leung cl aL, /Igric. Handb, US, Dcp. Agric,, 
No. 34, 1952, 29 ; McCance & Widdowson, 85 ; Iodine 
Content of Foods, 92 ; Chem, Ahstr,, 1949, 43, 9289 ; 
Kertesz, 294-96 ; Price, Nature, Loud., 1957, 180 , 
148 ; Wokes & Willimort, /. Phann,, Loud,, 1951, 3, 
905; Jacobs, II, 1269-70; Chem, Abslr,, 1991, 45, 
2542 : >957. 51 , 9»05). 

The proteins of the beans comprise two globulins, 
phaseolin (N, 16.5% ; S, 0.5%) and conphascolin 
(N, 15.7 Vu ; S, 1.4‘X.), and an albumin, phaselin 
(N, 14.4% ; S, 0.5%). More recently, a crystalline 
substance having the properties of a protein and 
amounting to about 16 per cent of the total nitro- 
genous material has been reported. Peptides, free 
amino acids and amides are also present. /-S-Methyl- 
/-cysteine and y-glutamyl-S-methyl-cysteine, a com- 
pound closely related to glutathione have been 
isolated from the beans. Phaseolin which is the 
principal protein of the beans has the following 
nitrogen distribution: ammonia N, 10.4; humin 

N, 2.05 ; basic N, 22.3 : and nonbasic N, 65.2 Vo of the 
total nitrogen. The essential amino acid composition 
of the bean proteins is as follows (g./*^ g* N): 
arginine, 9.4 : histidine, 3.0 ; lysine, 6.4 ; tryptophan, 

O. 5 ; phenylalanine, 3.4 ; methionine, 3.9 ; threonine, 
3.2 ; leucine, 8.2 ; i.voleucine, 5.8 ; and valine, 6.0. The 
proteins are deficient in metliionine [Thorpe, I, 659 ; 
Bourdillon, /. biol, Chem,, 1949, 1 ^, 553 ; Powrie, 
/. agric, Fd Chem,, 1961, 9 , 67 ; Thompson et al., 
Nature, Loud,, 1956, 178 , 593 ; Agric. Res,, Wash,, 
1957-58, 6(7), 15 : Allen, IX, 15 ; Kiippuswamy et al, 
48. 35j- 

The proteins in the raw beans have low digesti- 
bility and biological values. This has been attributed 
to the presence of heat-labile trypsin or proteolytic 
inhibitors which interfere with the utilization of the 
proteins. Heat processing destroys the inhibitors and 
the cooked beans have a better growth promoting 
value : digestibility co-efficients of the proteins at 10 
per cent level of intake in the raw and cooked beans 


have been found to be 56 per cent and 79.5 per cent 
respectively. The beans contain also factors which 
possess agglutinating and toxic proj)ertics. A toxic 
compound, named phaseolotoxin A (N content, 
13.5%) has been separated ; it has intraperitoneal 
L.D..„ of 55 mg./kg. in the mouse and shows also 
oral toxicity and interferes with the intestinal absorp- 
tion of food. A fraction B having weaker haemagglu- 
tinating activity than A is also present in the beans. 
The haemagglutinating activity is stated to he lost on 
autoclaving the beans. Presence of a toxic protein 
which loses its toxicity when the beans arc cooked is 
also reported (Sohonic & Bhandarkar, /. sci, industr. 
Res., 1955, 14C, 100 ; Rajagopalan et al, Sci. & Cult,, 
1949-50, 15, 444 ; Kiippuswamy et al, 37, 42 ; Chem, 
Abstr., 1957, 51, 5937 ; 1961, 55, 10607, 12558 ; 
Iluprikar & Sohonie, J, sci, industr. Res,, 1961, 
20c, 82). 

The beans contain 1-2 per cent of a golden yellow 
fatty oil having the following characteristics: 
sp. gr.‘‘’ * V 0.9603 ; , 1.4808 ; sap. val., 132.6 ; iod. 

val., 149.8: acid val., 20.5; R.M. val., 1.0; Polenske 
val., 2.0 ; and unsapon. mailer, 7.0%. The oil contains 
19 per cent of saturated (palmitic and a small amount 
of carnaubic) and 63.3 per cent of unsaturated (oleic, 
linoleic and linolenic) fatty acids (Mensicr, 446 ; 
Chem. Abstr., 1940, 34, 654). 

The straw from the plant can be fed to cattle, sheep 
and horses. It is satisfactory as a part of the roughage 
when fed with good hay and is comparable to corn 
or .sorghum fodder in nutriiivc value. Analysis of a 
.sample gave the following values: inoi.sture, 10.9; 
protein, 6.1 : fat, 1.4 : N-free extr., 34.1 ; fibre, 40.1 ; 
ash, 7.4; calcium, 1.7; phosphorus, o.i : pota.ssium, 
1.0 ; dig. protein, 3.0 ; and total dig. nutrients, 45.2VM ; 
nutritive ratio, 14.1. Silage may be prepared from 
green vines after removal of the pods. Dehydrated 
bean vine meal prepared from the green plant after 
the removal of pods is comparable to lucerne meal as 
a vitamin supplement for chicks. It contains protein 
18.3 ; dig. protein, 12.3 ; and total dig. nutrients, 
46.3% ; nutritive ratio, 2.8. Meal made from vines 
with mature leaves is inferior in (piality (Morrison, 

325. 33'. '002). 

In Java, tlic young leaves are eaten as a salad. 
Leaves contain carotene (178.8 mg./i(x) g.), thiamine, 
riboflavin, nicotinic acid, folic acid and pantothenic 
ackl. They contain also a (juercctin glycoside. The 
roots arc reported to cause giddiness in human beings 
and animals (Burkill, II, 1711 ; Palmer, 249; Nutr, 
Abstr, Rev,, 1953, 775 J Marsh, Nature, Loud,, 
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1955, 176 , 176: Co(lb()k\ Pootifi ngric, ('oil. Mair., 
* 959 “^x>. 90 - 

'riic green pod shells arc reported to contain traces 
of a cyanogenetic glycoside, and an unidentified 
substance wliich reduces the blood sugar level. They 
are useful as a diuretic, especially in kidney and 
heart ailments and as an adjuvant in mild cases of 
diarrhoea (Hoppe, 660 61). 

P. atropurptircus Moc. & Sesse emend. Ilassler 
(liiNi)i — Siratro), a native of Mexico and tropical 
America, shows considerable variations and includes 
a number of varieties and forms. This tropical peren- 
nial pasture legume lias a strong, stoloniferous habit 
with a long, strong tap root and hits been introduced 
into Rajasthan where it has shown considerable 
promise as a drought resistant fodder legume. It can 
stand hard and fre(|uent grazing | Hassler. ('(indolled, 
1922 24, I, 417 : Patil rl til., Induni f'/ng, N..S., 1967- 
68, 17 ( 1 ), 36|. 

PHAULOPSIS Willd. (Aaifillutcciiv) 

A small genus of herbs distributed in India, Africa 
and Mascarene Islands. One s|)ecies occurs in India. 

P. dorsiflora (Ret/.) Santapau syn. P. parviflora Willd., 
C. K. Clarke (Kl. Hr. Ind.) in parr : Micranthus 
oppo.sitifolius Wendl. 

FI. Br. Ind., IV, 417 ; Santapau, Rof. Mrm,, Ihiiv. 

No. 2, *951. 29. 

Bombay — IPniti, rau-mamhi. 

A much-branched dilfuse or often pro.stratc 
perennial herb found throughoui India excepting 
north-western region and ascending up to 9(X) m. in 
the hills. Leaves «)vate. entire or suherenate : flowers 
white, in spikes : capsules h)ng, clavate : .seeds 
orbicular, dark brown, hairy. 

The plant, dried and pulverized, is used as a 
dressing for wounds. I^'ivsh juice of the plant is 
applied to sores (Dal/icl, ^52). 

Pheasants — see Birds 

PHILADELPHUS Linn. (Saxifragaeeae) 

I).E.P., VI(i), 197 ; FI. Br. Ind., II, 407. 

A genus of shrubs distributed in Asia. Kiirope and 
North America. Several species, their cultivars and 
hybrids are grown in gardens for their showy fragrant 
flowers. Three species are reported to occur in India. 

P. eoronarius Linn. (Mock Oranck), a native of 
Europe, is a hardy ornamental shrub with creamy 
white fragrant flowers, grown in gardens at higher 
altitudes on the hills. It can be propagated by 


cut lings, suckers or layers, 'fhe flowers contain an 
essential oil. On extraction they give (0.14 0.1 8‘V.) a 
concrete yielding 25.0-27.2 per cent of an absolute 
having a penetrating fruity odour : they also contain 
small amounts of a wax. The llowers are reported to 
be used in homoeopathy (Collett. iSo : Firminger. 
532 : Gopalaswamieiigar, 2S3 ; Wehmer. I, 428 ; 
(iuenther, V, ^07 : (dieni. Ahsir., 1950, 44 , 553 : 
llop|)e, 662). 

P. lomeiitosiis Wall, ex (L Don syn. P. eoronarius 
var. tomeniosus C.B. Clarke (FI. Br. Ind.) is a shriih, 
up to 3.5 m. high, with ovate-lanceolate leaves 
and while fragrant flowers, found throughout the 
Himalayas at altitudes of 1.500-3.000 m. It has been 
reported to be used for making ropes. 

PHLEUM I -inn. (Cratnineae) 

A small genus of annual or perennial grasses of 
temperate zone. Five species occur in India, including 
the introduced species, P. pralense. 

P. pratense Linn. 'ri.MoniY (Jkass 

I).E.P., Vl(i). 197 : FI. Br. Ind., VII. 236 : Iluhhard, 

^ 97 - 

A medium-sized, tufted perennial grass, indigenous 
in Europe and temperate Asia and extensively culti- 
vated as a pasture gra.ss in most countries including 
India. In India, it has been found growing in the 
Himalavas. on the hills near Mmla, and also in 
Shillong, where it has been found as an esca|)e. 
Cailms erect, 0.4-1. 5 m. tall : basal nodes swollen or 
bulbous : leaves up to 20 cm. long and .^-8 mm. wide : 
panicle cylindrical, spikelets densely crowded : 
caryopsis spherical-ovoid in shape. 

Timothy is an im|)ortant fodder grown for hay, 
pasture or silage : it is also adapted for soil conserva- 
tion and improvement and crop rotation. It includes 
numerous strains which vary considerably in growth 
and value to the farmer. Some are more suitable for 
b.av tban for pasture. It is shallow rooted and grows 
best on moist heavy soils : it is hardy and is widely 
grown in cold countries. It cannot stand drought 
(Ahlgren, 171: Iluhhard, 297: World ('rops, 1958. 
10 , 245). 

Timothy is usually grown in mixture with clover 
or alfalfa, the seed rale being 6 to 14 kg. per hectare 
in mixture with clover. It gives a large yield of about 
980 kg. of green matter per hectare. Considerably 
greater yields are obtained by the mixture of timothy 
and clover. The yield decreases with the age, and the 
grass needs manuring with fertilizers. For hay it 
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should be cut ])cforc flowering (Morrison, 363 ; 
Whyte et nl, 1959. 363 : Ahlgren, iSo ; Clirni. Ahslr., 
1938, 32 , 7154).- 

Timothy is a highly palatable and nutritious grass. 
At early stages of growth, timothy pasture is relished 
by stock. Analysis of the young green forage gave the 
following values: moisture, 76.1; protein, 4.7: fat, 
0.9 : carbohydrates, ii.i ; fibre, 4.6 : ash, 2.6 ; calcium, 
0.14 : phosphorus, 0.09 ; potassium, 0.50 : dig. protein, 
3.5 ; and total dig. nutrients, 16.5% ; nutritive ratio, 
3.7. I’imothy proteins are rich in tryptophan, lysine 
anil valine contents. The grass is^ reported to contain 
traces of an alkaloid (Morrisoti, 363-65, 1034, 1098, 

1 106 : Year}), Agric,, LLS. Dep, Agric., 1948, 685 ; 
Kuppuswamy ct al, 226 ; Watson, 43 ; Client, Al)str„ 
1942, 36 , 608). 

Timothy cati be easily cured into a bright, clean 
hay free from dust and mould. Hay made from the 
grass cut at not later than early blootn stage is suit- 
able for dairy cows, beef cattle and sheep. Hay cut 
in full bloom is preferable for feeding work horses 
and midcs and is taken as a standard with which 
other hays are compared : early cut hay may be too 
laxative for these animals. Timothy hay, cut lK*fore 
bloom, gave the following values: moisture, ii.o: 
protein, 9.7 ; fat, 2.7 : N-free extr., 42.2 : fibre, 27.9 ; 
mineral matter, 6.5: dig. protein, 6.1: and total 
dig. nutrients, 56.6% ; nutritive ratio, 8.3. Timothy 
can he made into a silage very palatable to dairy 
cattle and good in carotene content (2-4 mg./ifHi g.). 
Nutritive value of the wilted tiniorhy silage is as 
follows: moisture, 59.2; |)rotein, 4.4: dig. protein, 
2.2 : and total dig. nutrients, 23.5'!., : nutritive ratio, 
9.7 (Morrison, 363-65, 1016, 1042 : Client, Ahstr,, 1938, 
32 , 7154 ; 1940, 34 , 6694). 

Stored, sterile extracts from timothy arrested the 
growth of Sarconikh4i; and other strains : fre.sh 
extracts were ineffective. The stem of the plant in- 
hibits the growth of Spliacelia segeluni. Two allergins 
(probably low molecular weight protein.s) producing 
strong skin reactions and a haemagglutinating action, 
and similar in their specificity and properties have 
been isolated from timothy pollen [Client, Ahsir,, 
*957* 51 , 3029 : 1961, 55 , 5647 ; 1962, 56 , 14798 : i960, 
54 , 22996). 

Timothy can he used for the extraction of chloro- 
phyll (Hoppe, 662). 

P, arenarium Linn., P, commnlalum Gaudich. 
syn. P. alpinum auct. non Linn, and P. paniculatum 
Hulls, syn. P. aspcnini Jacq. are found in western 
Himalayas, Kashmir and Punjab at altitudes of 


1,500-2,700 m. Analysis of the gra.sses from Kashmir 
gave the following values (dry matter basis): P. 
eomniuiatiini — protein, 8.64 : ether extr., 1.84 ; carbo- 
hydrates, 47.42 ; crude fibre, 34.67 ; mineral matter, 
6.53 ; calcium (CaO), 0.46 ; and phosphorus (PaO.,), 

O. 44%; P. paniculatum — protein, 11.37; ether extr., 
2.67 ; carlxihydrates, 40.22 : crude fibre, 30.18 ; 
mineral matter, 13.93: calcium (CaO), 0.85; and 
phosphorus (P2O-), 0.77 Vo (C^hopra et al„ Indian J, 
agric. ScL, 1956, 26 , 415). 

PHLOGACANTHUS Nees [Acanthaceae) 

A small genus of herbs or subshrubs distributed in 
Indo-Malaysian region. About ten species occtir in 
India. 

P. thyrsiflorus Nees 

D.KP., VI(i), 198 : FI. Br. Ind.. IV, 512. 

Assam — Banlieka, tital)altak, titapliul ; Garo — 
Eliot ; Kiiasi — Baska})onipliang, dieng-soh-ja-huidy 
dieng-solhkajut ; Mikik — jaogan, ranihlta arong ; 
Nepal Cliua ; Lepciia — Rheeoni ; K v m a u n — 
Kaldona, Kazvadoni, 

An evergreen shrub, 0.9-3.6 m. high, found in the 
silli-tropical Himalayas from the Ravi to Bhutan, 
upper Cangetic plain, Bihar, North Bengal and plains 
and hills of Assam at an altitude of i,2cv) m. Leaves 
drooping, elliptic-lanceolate ; flowers orange coloured 
or brick red, in long thyrsoid panicles ; capsules sub- 
i|uadrangular with 12-14 s^*t?ds. 

The plant occurs as an undergrowth in moist, 
shady places in parts of the sul)-l limalayan region 
and in sal forests of Assam : it is gregarious and kills 
the vegetation beneath it. It is often cultivated as an 
ornamental plant for its handsome, laurel-like foliage 
and long spikes of flowers. It is also useful for shrul> 
bery. It can he propagated by cuttings in the rainy 
season (Troup, II, 694 ; Bor, 332 : Gopalaswamiengar, 
2 « 3 )- 

I'he flowers are eaten cooked as a vegetable. Fruits 
and leaves are taken after burning as a specific 
for fevers. In Punjab, the plant is put to the same 
medicinal uses as Adhaloda vasica (FI. A.ssam, HI, 
443 ; Kirt. &Basu, III, 1890). 

Wood (wt., 592.74 kg./cu.m.) is white, moderately 
hard and clo.se-grained. 

P. jenkinsii C. B. Clarke (Ijikiumpur — Tita gaclih, 
titapliul) is a shrub with elliptic-acute, sidventire 
leaves and red flowers found in Assam. The plant is 
commonly planted as a hedge around dwellings. It is 
propagated by cuttings. A decoction of leaves is given 
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for diseases of spleen and liver and for fevers [Carter 
& Carter, Rcl\ hot, Surv. India, 1921, 6(9), 413]. 

P, tuhiflorm Nees {Assam- -Bhataitila ; Mikir - 
Banvhha, bauchok ; Lushai — Vatezuk) is a shrub, 
1. 8-2.4 elliptic or ovate-acuminate, 

entire, sub-eiuire or obscurely crenulate leaves and 
red flowers found in Assam and Khasi and Caro 
bills up to an altitude of 900 m. Flowers of the plant 
are eaten cot)ked as a vegetable. Ix'aves yield a lather 
on rubbing with water and are used for washing 
purposes (FI. Assam, 111 , ^4). 

Phlogopitc — SVC Mica 

PHOEBE Nees {Lauravvac) 

A genus of evergreen irees or shrubs distributed in 
the Indo-Malaysian region. Pacific fslands, tropical 
America and West Indies. About nine species occur 
in India. 

Some of the North-Fast Intlian .species of Phoebe, 
especially P, goalparcnsis, P, hainvsiana, P. cooperiana 
and P. attenuaia, yield excellent light-weight timbers, 
almost indistinguishable from one another and con- 
sliiutc one of the. most valuable timbers of Assam, 
known as Bonsum in trade. The sapwood of lx)nsum 


is greyish white; heart wood |)ale greenish hulT when 
Ireshly sawn, changing (piickly to rich brown 
resembling teak (bence sometimes called Assam 
Teak), imerlocked-grained, fairly even or coarse- 
textured, soft, moderately strong and light. Bonsum 
can be air-seasoned well with care : green conversion 
and stacking under cover with good air circula- 
tion have Iktu recommended. It can also be kiln- 
seasoned without ditficully : 2.5 cm. iliick planks 
take 8-10 days to season : in addition to the initial 
steaming, it rei|uires one ituermediate sieatning and 
another towards the end for 2-3 hours at 55'' and 
loo/'o R.ll. Once properly seasoned, bonstim is a very 
steady wood. It is easy to saw atid work and finishes 
to a fitie sm(x>th surface. Though not very ortia- 
mental, it looks well under a wax polish. It is only 
tnoderately durable and is easily treatable under open 
tank process. It should not be used in outdoor posi- 
tions without sttitable preservative treatment (Trotter, 
1944, 1 47-48 ; Bor, 56; liitnaye, Indian For. Rev., 
N,S., Timh. Mecli., 1954, 56 : Rehman, Indian For., 

1953, 79 , 369 ; Masani, ibid., 1953, 79 , 229). 

Bonsum is itsed for house constritction, door atid 
windotv frames, veneers, plywood, packing cases, 
cabinet-making, interior fittings of railway coaches, 
furniture, general joinery, pattern-making, and in air- 
craft construction [Trotter, 1944, 148 : Limayc, loc. 
cit. ; IS: 399, 1952, 14, 16, 18; /. Timh. Dryers' & 
Pres. /Iax India, 1956. 2(i), 22 : 2(3), 15]. 

P. attenuata Nees 
FI. Br. Ind., V, 143. 

Fa.stkkn lliMAt.AYAs Angarc, aide lapelic kazvia ; 
Assam —Bonsum, t/ii’jing-phang, tliing-bahcang- 
arong. 

A medium- to large-si/ed tree, up to 33 m. in height, 
found in the eastern Himalayas and hills of Assam, 
up to an altitude of 1,200 m. Bark dark grey, ex- 
foliating in papery flakes ; leaves oblong or oblanceo- 
late, crowded at the ends of branchlets, coriace- 
ous ; flowers in spreading panicles ; frtiit narrowly 
eUi[)Soid. 

The tree is a shade bearer and cannot stand direct 
exjK)sure in young stages. Naitiral regeneration by 
.seeds takes place profii.sely even under low cover, 
provided there is no competition from weeds. Arti- 
ficial regeneration can he done by transplanting 
nursery-raised seedlings : seeds are sown, imme- 
diately after. collection in May June, in .shaded beds. 
Transplantation is done in June during the second 
rainy season, when the seedlings are e. 20 cm. high ; 
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winter iransplanting has alsd given enaniraging 
results. Raising the plants in lines, under the shade 
of Tcphwsia cundida DC. or a fast growing light 
demander like YVnu/ne/Z/V/ myriocarpa Meurck & 
Muell. Arg., has been recommended ; a spacing of 
i.S m. X i.S m. is considered suitable (Troup, III, 789 ; 
Macalpine, Tocklai exp, Sta. Mewor., No. 24, 1952, 
93 )- 

The wood cannot he dilVerentiale<l from that of 
P. jfO(dparen.sis and is pul to the same uses ; it is 
espeeially prized for cabinet-work. It is a medium 
(juality ftielwood (Kl. Assam, IV, 73 : Bor, 56 : Indian 
For., 1948, 74 , 279 ; Krishna & Ramaswaini, Indian 
For. Bull., N.S., No. 79, 1932, 21). 

P. cooperiana U. N. Kanjilal ex A. Das 

FI. Assam, TV, 75 : Das, Ann. R. hot. Gdn Calcutta, 
/50/// Anniv. Vol., 1942, 149, Fig. 

‘ N.K.V.A.—Mckahi 

A large tree, up to 36 m. in height and 4.2 m. in 
girth, found in N.E.F.A. and Darrang in Assam. 
Bark greyish, exfoliating in flakes : leaves ohovate to 
ohlong-lanceolate : flowers in panicles, grey : fruit 
ellipsoid, blackish. 

'rhe wood resembles that of P. ffoalparensis and is 
put to the same uses. It is, however, reported to he 
very refractory fo treatment (Pande et al., Indian For, 
Bull., N.S., No. 208, 1956, 5). 

*P. goalparensis Hutchins. 

FI. Assam, IV, 73. 

A s.sA.> \—Bons u m , ni kah i. 

A large tree, buttressed at the base, found in 
As.sam. Bark grey, reticulately furrowed ; leaves 
ohovate or ovate-lanceolate ; llowers in lax panicles ; 
fruit ellipsoid, hlackisli. 

P. goalparensis is a shade hearer and cannot stand 
direct exposure in early stages. Artificial reproduc- 
tion is done by seedlings raised in shaded beds in the 
nursery, 'rransplanting may he done in June, when 
the seedlings are 8 months old and c. 23 cm. liigh, in 
between the lines of Tephrosia Candida DC. ViZiiiier 
transplanting of at least 1.2 m. liigh plants with all 
the branches and leaves pruned off and the use of 
La*^erstroemia speciosa as a cover crop have given 
better results, as this minimizes competition by 
weed.s, wliich would otherwise smother smaller trans- 
plants after the death of Tephrosia. Transplanting 
without initial line-sowing iechnit|iie, with a spacing 

* KosUTiiiaiis considers this species as cons|K*ciric with 
/*. hahu'siaiui Brandis {neimamttiu, l%l 02, 281). 



h'.R.t., Dehra thin. Photo : Rnoifsh Roo 

FIG. lO-PHOEBE GOALPAKENSLS-1 KAN.SVERSE SECTION OF 
WOOD (xIO) 


of c. 7 111. has been recommended. Stump planting 
has also given encouraging results. Direct sowing has 
been found unsatisfactory. P. ffoalparensis is suscep- 
tible to mottled spongy rot \(>anoder 7 na applanatinn 
(Pers.) Pat.|, brownish pocket rol (Polyporus 
Schw.), white spongy rol \Tranietes corrugata (Pers.) 
Bres.| and white fibrous rot ( 7 ’. serpens Fr.) 
(Macalpine, Tocklai exp. Sta. Mentor., No. 24, 1952, 
95 ; Jacob, Indian For., 1952, 78 , 602 : Kadambi 
6 : Dabral, ibid., 1955, 81 , 129: Bagchee Hjagar 
Singh, Itidian For, Rec., N,S„ Mycol., 1934, l» 275). 

P. (goalparensis is the |)rincipal source of bonsimi 
timber. The wood is light (sp. gr., 0.50 : av. wt., 
497 diflictilt to season, and takes 

preservative easily. It is easy to work, 'riiotigh some- 
what interlocked-grained, it can he easily peeled on 
rotary lathe. The data for the comparative suitability 
of the timber, expressed as percentages of the same 
properties of teak, are: weight, 75: strength as a 
beam, 65; stiffness as a beam, 70; suitability as a 
post, 65 ; shock-resisting ability, 65 : retention of 
shape, 75; shear, 90; and hardness, 55 |Limaye & 
Sen, Indian For. Rec.^ N.S., Timh. Mcch., 1953, 1, 
94; Dahral et at., Indian For. Rec., N.S., Silvicult., 
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1963, 11 , 51 ; Liinayc, Indian For. Rvt\, N.S., Util., 
1942, 2 , 168 ; 1944, 3(5), 22]. 

The wood is used for house construction, planking, 
furniture, cahinct-work, commercial and tea chest 
plywood, hol)hins, and occasionally for pattern-mak- 
ing. It is suilahle for plywood, spars, propellers, and 
air-screws in aircraft construction (Trotter, 1944, 
I9<>^;i ; Indian For., 1952, 78, 276, 278, 363 ; Rehman 
& Askari, ibid., 1956, 82, 314 ; Dahral cl ai, loc. cit. ; 
Limaye, Indian For. Rcc., N.S., Util, 1942, 2, 168). 

P. hainesiana Brandis 

Brandis, 532. 

Eastkrn II1MAI.AYAS — An^rarc, anffiria. 

A large tree, up to 45 m. in height and 6 m. in 
girth, found in the eastern Himalayas and Naga 
hills at altitudes of 900 1,650 m. Bark dark grey, 
thick ; leaves oblanceolate to ohovate, clustered at the 
ends of branches ; flowers in panicles, grey tomen- 
tose ; fruits ellipsoid, black. 

The wood (sp. gr., 0.559 ; av. wf., 561 kg./cu. m.) 
is moderately durable : graveyard tests indicated a 
durability of 5 7 years. A number of insect beetles 
and larvae have been reported to bore into the hark 
and wood. 'I'he wood can he peeled easily without a 
boiling treatment, but belter results are obtained by 
soaking it in water at about 65® for a period of 
15 minutes for every 2.5 cm. of diameter of the log. 
'riie data for the comparative suitability of the 
timber, expressed as percentages of the same proper- 
ties of teak, are; weight, 80 : strength as a beam, 80 ; 
stiffness as a beam, 80 ; suitability as a post, 80 ; 
shock-resisting ability. 80: retention of shape, 75; 
sliear, 95 : and hardness, 70. The wood is used for 
planks, ceiling and partition boards, veneers, lea 
chest plywood and laminated hoards | Limaye & Sen, 
Indian For. Rcc., N.S., Timb. Mtrh., 1953, 1 , 94 ; 
Purushotham ct al., Indian For., 1953, 79, 49 ; JMathur 
& Balwant Singh, Indian For. Bull., N.S., No. 171(7), 
1959, 17 : Limaye & Mohammed, Indian For. Rcc., 
N.S., Util., 1942, 2, 179 ; Limaye, ibid., 1944, 3(5), 22 ; 
Trotter, 1944, 148, 219]. 

P. lanceolata Nees 

1 ).K.P., Vl(i), 198 ; FI. Br. Ind., V, 141 ; Hara, 103. 

Hindi — llaulia. 

Punjab -Br/r/ror; Dwika Dun ; Jaunsar - 

Bliadroif hhadcu ; Gariiwal — Kckra ; Kumaun - 
Kaula ; Nepal — Jbankrikath ; Lepcha-— 
feimg; Assam — Dicng-jalong, moso-sigard)apIiang, 
chang-check, thangdian-jan. 

A small or medium-sized handsome tree, up to 


12 in. in height and 1.8 m. in girib, found in the 
Himalayas from Simla eastwards, in Uliar Pradesh, 
Bihar. Assam and in the hills of South India, as- 
cending up to an altitude of c. 1,950 m. Bark grey, 
exfoliating in irregular thin scales, aromatic ; leaves 
elliptic- or oblong-lanceolate, aromatic : (lowers in lax 
panicles, yellowisli green : fruits ovoid or ellipsoid, 
black. 

The tree has a last rate of growth, the annual 
girth increment being 4- 5 cm. A number of insect 
lieelles and larvae are re|)orted to Ixne into tlie 
felled timlier. The wood is handsome, olive-brown, 
close-grained, hard and heavy (av. wt.. Sot kg./cu.m.), 
and is used for planking and canoes. The leaves are 
used as cattle fodder. The ash of the berries is report- 
ed to be u.sed for sores | Troup, III, 788 : Gamble, 
568 : Mathur Balwant Singli, Indian For. Bidl.j 
N.S., No. 171(7), 1959, 17 : Rodger. 42 : Laurie. Indian 
For. LcalL, No. 82, 1945. 10; FI. Assam, IV, 71I. 

P. paniculatn Nees: Hook. f. (FI. Br. Ind.) in 
part (Assam — Mckahi ; Tam. — Stidalan ; Nilcikis - 
Kninara) is a fall, handsome tree, found in Clentral 
Himalayas and hills of Assam and South India, as- 
cending to an altitude of 2,100 m. The wood is brown, 
smooth, close-grained, hard and heavy (wt., 769 kg./ 
cii. III.). It is used as fuel and for other domestic 
jHirposes (Hara, 103; Gamble, 568; Krisbnamurtbi, 
220). 

PHOENIX Linn, (^^dnutc) 

A genus of dioecious, arbon scetit or shrubby palms 
disiributed in the tropical and sub-tropical parts of 
Africa and Asia. Seven species occur in India and a 
few others have been introduced. 

Among the Indian species, P. s\lvrslris is widely 
tapped for its sap, which is converted into palm gnr 
(tad gur, tar gnr) and sugar. f)f the exotics, P. dactyli- 
fera, the Date Palm, has long been introduced in 
India bur is grown only to a small extent in .some 
parts. Considerable (|uantities of ilales are, however, 
imported and atlein|)ts are being made at successful 
commercial cultivation of some of tlie well-known 
varieties of the fruit in the country to meet the 
demand. ()tlu*r exotic .species are grown mostly for 
ornament. 

P. acaulis Roxb. 

D.E.P., VI(i), 199 : FI. Br. Ind., VI, 426. 

Hism—Kliajur, jangli khajur ; Mar. — Shevra, 
shilind, hoichind ; Tel. — Vila; Oriya — Kojiri. 

Nepal — Takul ; \.¥vc\i\—Scbap. 
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A low, haiuisoinc palin„ foiiiicl in the outer 
Himalayas and sub-Himalayan tracts from Kumaun 
eastwards, Kliasi and Naga hills in Assam, Bihar, 
Orissa, Ceniral India and parts of Deccan Peninsula, 
up to an altitude of 1,500 m. Stem hulhiferous, 
15-25 cm. in diam. : leaves pinnate, ().6-i.8 m. long: 
pinnae linear, stiff, 25-50 cm. long : flowers in 
branched spadices : fruir an ohlong-elli[)soid berry, 
1.2 1.7 cm. long, bright red to blue-ldack ; seed 
oblong, grooved. I bis palm is common and occurs 
gregariously in o|)en sal forests and in grasslands, 
particularly on clayey ground : in the outer 
Ilimalayas it ascends into Pinus roxbur^hii forests. 

The pith of the stem is eaten : it yields a sago. I'he 
fruits and the tender peduncles are also edible. The 
terminal leaf bud forms a good vegetable. The hkus 
and the pith of the young stem are reported to be 
used as aperients. The leaves are used for thatching 
and for making mats, hrootns, ropes, etc. : they are 
also lopped for fodder (Bresser.s, 155 ,* Witt, 224 : Bor, 
349 : Laurie, Indian For, Li'afl., No. 82, 1945, 10 ; 
Gupta, 495). 

P. dactylifera Linn. DaH': 

D.IC.P., Vl(i), 199 ; C.P., 882 ; FI. Br. Ind., VT, 424. 

Hindi, Bkxo., Mar. & Gvj—*Khajnr; Tkl,— 
kharjuramn ; 'l\M,—Pcru'lichankay, karcliuram ; 
Kan. — Khar jura ; Mai.. — I'>ttaf)[>azham^ tenitta ; 

Owiw—Khorjjuri, 

A tall tree, up to 36 m. in height, cultivated or 
occasionally found self-sown in some parts of India. 
Trunk covered with persistent bases of petioles, the 
base usually surrounded by a mass of offshoots or 
suckers ; leaves in open crown, pinnate, u|) to 5 m. 
long, greyish green : pinnae 20-40 cm. long, linear, 
keeled, lower pinnae modified into spines ; flowers in 
branched spadices, small ; fruit an oblong berry, 2.5- 
7.5 cm. long, reddish or yellowish brown when ripe ; 
seed cylindric, hard, with a longitudinal furrow. 

Date palm has been known to exist from pre- 
historic times in the warm dry zone, extending from 
North-West Africa to South-West Asian countries. It 
is exten.sively cultivated throughout this region, ft is 
believed to be originally intligcnoiis to countries 
around the Persian Gulf and even today Tra(| remains 
the most important centre of the date production. 
Dates have been cultivated in West Pakistan, prolv 
ably since early Mohammedan invasions, and consti- 

* The names Klmjurikt\t\ Ita and their variants and modifications 
are indiscTiniinatcly used for all s|jecies of the genus in North 
and S<mth India. re.s|K.*ctively. 


tute an important fruit crop there. Cultivation of 
(hues has also been taken up in some other warm 
countries, and in California and Arizona in U.S.A. 
it has assumed commercial importance. 

There are no commercial plantations of good dates 
in India at present. Quite a number of trees are, 
however, found wild or cultivated mostly in dry 
disiricts of Gujarat, Rajasthan, Punjab, Uttar 
Pradesh, Madhya Pradesh, Andhra Pradesh and 
Mysore, which yield fruit, generally, of an inferior 
(|uality. There is considerable scope for commercial 
cultivation of dates in arid and irrigated regions of 
North-West India. Recently a number of varieties of 
merit from South-West Asian countries and U.S.A. 
have been introtluced for cultural trials at Abohar in 
Punjab and Kbedio in Gujarat. Successful selected 
varieties are proposed to be distributetl to other places 
suitable for date cultivation (Bajwa & Bakbsbi, Farm 
Bull,, No. 63. 1961. Bakhshi, Punjab horl, 1961, 1 , 
34 ; Bakhshi & Dhillon, ibid., 1962, 2 , 142). 

Cui.riVA'noN 

Climate and Soil — Date palm is very exacting In its 
climatic retjuirements. It requires a long summer 
with high day as well as night temperatures, mild 
winter without frosts, and low relative humidity and 
very little rain, not much exceeding 12.5 cm. during 
the period of flowering and fruiting. If once estah- 
lished, it can withstand summer temperatures as high 
as 50*’. The mean temperature between the period of 
flowering and ripening of fruit should be between 
25 and 30®, dejtending upon the variety. 

Date palm can thrive on sandy, loamy or clayey 
soils, hilt well-drained sandy loam of good d(‘plh and 
water holding capacity is considered the best. Though 
it re(|uircs plenty of water in the soil, comparatively, 
it needs less water than most other fruit crops and 
is an important tree in deserts, where it occurs in 
the oases. Date palm can do well in soils containing 
more alkali or salts than many other plants will 
tolerate ; best growth and fruit (juality, however, 
cannot be obtained under conditions of high soil 
salinity (Nixon, Circ, ILS, Dep, / 1 gr/c., No. 728. 1951 ; 
Ochse et al,, I, 702: Hill, 418; Bajwa & Bakhshi 
loc. cit.). 

Propafration — Date palm can be propagated by 
seeds or l)y oifshoots. When grown from seeds, only 
about half of the trees turn out to be females and 
they bear fruit of variable (piality. Moreover, it takes 
4-10 years to determine the sexes of the trees 
and the (piality of the fruit they bear. Sometimes 
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when a seedling turns out to have outstanding 
(jualities, it may he propagated by its offshoots : some 
new varieties or clones have originated in this way. 

For commercial purposes, however, date palm is 
always pro|)agared by offshoots from desired selected 
varieties : such trees hear fruit of the same quality as 
the mother tree. The offshoots arise from axillary 
buds near the base of the trunk, chiefly during the 
early life of the palm. Normally, 4-5 years after 
planting, at least Two offshoots can he removed from 
each tree annually for 10-15 years. Offshoots are 
detached carefully by cutting as close to the trunk 
as possible ; rooted offshoots are generally preferred 
in order- to reduce mortality. Offshoots arc pruned 
immediately or 4-5 days prior to their removal ; only 
the young leaves and the bases of the old ones arc 
retained. They are removed and planted either in 
February-April or in August-Sept ember. Some 
growers recommend their seasoning for a few days 
before planting. 

Planting distance depends upon the variety of date, 
texture and fertility of the soil and the means of 
irrigation. As in most of the Arab countries, a spacing 


of 5-8 m. xj'8 m. has been recommended in India ; 
in U.S.A., a spacing of 9 m. x 9 m. has been considered 
most satisfactory. 'Hie offshoots are buried firmly in 
the soil up to their maximum diameter, taking care 
that the crown remains 10 15 cm. above the soil so 
that the irrigation water does not touch or enter into 
it. They need protectifm against heat, cold and winds 
during the first 2-5 years and are either wrap])ed with 
some leaf material or sheltered by suitable coverings. 
Recently, entire transplanting of mature palms has 
proved successful in Baghdad (Nixon, loc. cit. ; Bajwa 
& Bakhshi, loc. cit. : Bakhshi & Dhillon, loc. cit. ; 
Nocton, World Crops, 1965, 17 , 72). 

Manuring and Irrigation -The importance of 
proper manuring in date cultivation has been well 
recognized. An annual dose of 50 60 kg. of well rotten 
farmyard manure or 1-2 kg. of ammonium sulphate 
per bearing tree has been recommended. In case of 
a combination of farmyard manure ami nitrogenous 
fertilizer, the doses should be halved. The application 
should be made twice a year in ecpial halves, one 
in January-February and the other in August- 
September. Cow thing manure at ilie rate of c. 45 kg. 
per tree may be applied before the comniencemenT 
of spring growth ; the dose is re|)eated every 2-3 
years. Creen manuring with leguminous cover crops, 
while the palms are young, has given good results 
in U.S.A. ; old leaf and fniir-stalk primings of the 
palms are also returned to the soil. 

Date palm reipiires plenty of soil moisture, '^fhe 
fretpiency of irrigation depends upon soil texture, 
weather, depth of sul>soil w.iter, etc. ; generally, an 
interval of 10-14 days in summer and 30-40 days in 
winter is recommended. As the roots of the date palm 
usually penetrate to a depth of 2-3 m., the soil should 
be kept moist up to this depth. The date palm is 
highly tolerant to excessive irrigation and even to 
floods : j)ermanent waterlogging is very injurious 
(Nixon, loc. cit. : Bajwa & Bakh.shi, loc. cit. ; 
Milne, 11). 

Intcrplanling palm plantations can be inter- 

planted with a variety of crops. During early stages, 
wheat, barley, vegetables, leguminous fodders and 
pulses, which i\n not damage the palm by over- 
shading, can he inrert roppetl. l.,:iter, when the palms 
have grown sulliciently high, low-growing fruit crops 
such as grapes, pomegranates, figs, peaches, apricots, 
oranges, etc., can be interplanted (Milne. 9 ; Bajwa & 
Bakhshi. loc. cit. : Nixon, loc. cit.). 

Pruning — ^The bearing capacity of date palm is 
generally proportionate to the number of green leaves 
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il carries, ilu* optimum being one pro|)erly thinned 
biiiu li of fruit fpr 8 9 leaves. It is, therefore, desirable 
to retain an ade(|uaie number of good green leaves 
and only dead or dying leaves should be removed. 
Sometimes, however, in order to facilitate cultural 
operations and reduce damage to the fruit caused by 
high humidity, it becomes necessary to remove even 
some of the green leaves. Thorns are removed to 
facilitate pollination and suhsetpieni handling of 
bunches. The undesired offshoots are removed while 
still small, as their presence retards the production 
of fruit. 

PoUination — ^The dale palm generally flowers in 
March -April and the fruits ripen in August-October. 
Left to nature, an ec|ual number of male and female 
trees have to be grown together for adeiiuate pollina- 
tion. In commercial date production, however, pollina- 
tion is facilitated by removing two or three strands 
(branches of spadix) of male flowers from the freshly 
opened inflorescence of selected male trees and 
transferring them to the female trees. The male 
strands are inserted between the strands of female 
flowers as soon as they open or within two or three 
days after that : two or three male trees are thus 
enough to pollinate al)out too female trees. Male trees 
with thick and bushy inflorescences and abundance 
of pollen should be selected ; early-flowTring males 
should be used for pollinating early-flowering females. 
In U.S.A., fresh or j)roperly stored viable pollen is 
sometimes applied by means of cotton plugs. When 
pollination is satisfactory and fertilization has taken 
place, only one of the three carpels in the female 
flowTr enlarges and the remaining two fall off at 
about the pea size. 

Fruil thinniu^ Thinning of fruit is necessary to 
increase the size and improve the (|ualiiy of the dates, 
to prevent delayed ripening, to reduce the weight and 
compactness of the bunches, and to ensure adequate 
flowTring in the following year. Thinning may be 
done either by reducing the number of fruits per 
bunch (bunch thinning) or by removing some of the 
bunches (bunch removal). Buncli thinning is carried 
out by removing 50-75 per cent of flowers or young 
fruits in a bunch under normal conditions. This 
may be done by cutting back the strands or by 
removing some strands from the centre of the bunch ; 
in practice il is generally desirable to use both the 
methods. Sometimes bunch tliinning is done by 
removing a certain proportion of flowers or young 
fruits from individual strands ; this method reduces 
crowrling of fruits, but is not used much because of 


lalM)ur and time involved. Bunch removal is done 
when the number of bunches on a tree is more than 
it can bear without detriment to its flowering and 
fruiting the next year (Nixon, loc. cit. ; Bajwa & 
Bakhshi, loc. cit.). 

Diseases and Pests — ^l)ate palm is reported to be 
affected by palm-leaf pustule or false smut \Graphiola 
phoenicis (Moug.) Poit.]. The disease occurs as small 
hard black pustules on both surfaces of the leaflets ; 
old leaves are more severely attacked. Pruning of 
affected leaves and spraying with Bordeaux mixture 
or potassium permanganate solution have been 
recommended. Date palm is also susceptible to pin- 
head spot \Diderma cffusinn (Schwein.) Morgan |, 
grey blight (Pestalotia pahnanim Cooke), spongy- 
white rot \Polyporm adustus (Willd.) Fr.], and a few 
other disea.ses {Indian /. a^ric. Sc/., 1950, 20 , 107 ; 
Information from F.R.I., Dehra Dun). 

The larvae of the red weevil or Indian palm weevil 
{Rhynehophorns ferrngineus Oliv.) and the rhinoceros 
beetle or black-palm beetle (()ryctes rhinoceros Linn.) 
bore tunnels in the stem, generally near the top, 
which might wither and die or break as a con- 
secpience. The insects can be killed with wires or by 
injecting suitable insecticides into the tunnels. 
Seriously affected trees should be removed and the 
insects destroyed. Several other insects cause consider- 
able damage to the stem and leaves. The affected 
leaves should be removetl and the remaining ones 
sprayed with a suitable insecticide: flame treatment 
has been very successful in U.S.A. [Hayes, 412; 
Mathur & Balwant Singh, Indian For, Bull, N.S„ 
No. 171(7), 1959, 19 ; Nixon, loc. cit.]. 

The ripening fruits are subject to damage by birds 
and insects. I'hcy may be protected with paper bags 
or tubes, light porous-cloth, netting, thorns, etc., in 
such a way as to least interfere with hunch ventila- 
tion. In West Pakistan, stored dales have been 
reported to he attacked by a number of insects 
including a lineid moth and a beetle {T^esiodenna 
tcstacea Duft.). Protection from insects and steriliza- 
tion of the fruit before packing have been 
recommended. 

Harvesting and Yield- According to the stages of 
growth and ripening, the fruit has been classified in 
West Pakistan into four stages or categories, viz. 
gandora, doka, dang and pind, corresponding to 
kimri, khalal, rutah and tamar respectively of the 
Arabs. In the youngest or gandora stage, the fruit 
grows rapiilly in size and is distinguished hy green 
colour. TTie fully growm fruit having red, yellowish 
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(iipprt) dates (('liliiili.iia) : (luwri) Diii-d 

tl.ites (Kli.ijiir) 


ml or yellow colour is said to he in the doka stage. 
The stage is marked hy llu; softening of the tip. 

Matured fruits whicli are dry enough to keep well, 
arc said to he in the pind stage. All the dates on a 
hunch, however, do not ripen at the same time. 

The stage at which the dates are harvested depends 
upon the variety (dilTerent varieties are eaten in 
diirercni stages of maturity) and local weather condi- 
tions. The Arabs harvest some varieties in the kiitdal 
stage for immediate consumption, while in other 
varieties the entire hunch is removed after the dates 
are fully ripe, fn U.S.A., the fruits of some varieties 
are picked as they ripen involving several pickings 
over a period of 3-4 weeks for early varieties and 
2'“3 months for the late ones. In West Pakistan, dates 
are generally harvested before they are fully ripe, to 
minimize damage due to wet weather. In India, 
harvesting the whole hunch when some fruits have 
reached the datig stage has been recommended. 

Most varieties of date palm, if cared well, start 


hearing in the fourth year and reach full hearing 
10-15 years after planting: the average hearing life 
is c. 50 years. The yield of fruits per palm varies 
considerably according to the variety and climatic 
conditions. Average annual yield per tree has been 
estimated at about 45 kg. Much higher yields, up to 
240 kg. have, however, been obtained (Bajwa & 
Bakhshi. loc. cit. : Nixon, loc. cit. : Hayes, 413). 

Variciirs There are numerous varieties of dates 
grown in various date-growing countries of the worki, 
of which only a few are of any real commercial im- 
portance. On the basis of their texture at maturity, 
the date varieties are generally classified into three 
groups: soft, semi-ilry and dry. Among the important 
varieties grown in West Paki.stan and U.S.A.. are 
iiilliizvi, Khadrfm'i and Stiycr of the soft type and 
Zahidi and Da\cri of the .semi-dry type, all from 
lra<|. Dcjrlct Noor, a semi-dry variety from .Algeria, 
has assumed the greatest commercial im])ortance in 
U.S.A. Thanry is a dry date from Algeria and is 
reported to he the source of Chlmhum of Indian 
bazaars. All these varieties and some others have 
been introduced at Ahohar (Bajwa & Bakhshi, loc. 
cit. : Nixon, loc. cit. : Bakhshi. loc. cit.). 

Ci’RINt; AM) Makkktinc; of Datks 

Fresh dates are eaten in diilereni stages of 
maturity, depending u[)on the variety : local demand 
and marketing are accordingly determined hy 
consumer preferences. Mo.st varieties are very astrin- 
gent in the dokti stage, hut some are cpiite ))alatahle 
and arc eaten in this stage, e.specially hy the Arah.s. 
The dates are very delicious in the dati^ stage, when 
they are still ])lutn]), and are consunied as such in 
large ipiantities. 'I’he fruit at this stage, however, has 
high moisture content : it ferments (juickly and will 
not keep, even for a few days, without cold storage. 
For dessert purposes, dates ])ast this plump stage are 
preferred. 

For commercial |)ur|)n.ses. dates are cured or «lried 
after harvesting, .so that they can keep for a long 
time. The optimum stage of maturity for curing 
depends upon the variety, climatic cf»nditions, local 
demand and various other factors. l)i|)ping the dates 
in I per cent boiling lye solution and then rinsing in 
water prior to drying has been recommended : this 
reduces the drying period, cleans the fruit, im])roves 
the appearance and kills in.sect eggs. Such fruits, 
however, are not as sweet as the undipped ones. 

In We.st Pakistan, dates are generally picked in the 
danfr stage and arc cured hy sun-drying on date leaf 
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mats ; drying generally takes 3-7 days, resulting in 
the loss of at least 33 per cent of the weight. Suitable 
home driers or boxes, made of tin sheet and wood 
with holes or slits for air circulation, for curing dates 
hy healing are also used : fruit dried in this way is 
cleaner and better in (piality. As picking in the dang 
stage is laborious and expensive, harvesting in the 
dokfi stage has also been recommended. Some inferior 
(piality dates are picked while still hard and arc 
boiled in water to which a little oil, ghee or milk and 
sometimes salt is added. 'I’hey are then dried hard 
and are called hJmgrian. A few varieties of dates arc 
split, deseeded and dried (Bajwa & Bakhshi, loc. cit. ; 
Cirdhari Lai ct «/., 242). 

In U.S.A., dates are generally dried in dehydrators 
after fumigation, cleaning, grading and artificial 
ripening : hydration is sometimes resorted to, to 
improve the consistency of some of the drier varieties. 
Dcglct Noor dates can be stored for one month at 27°, 
three months at 16°, eight months at 4'', and one 
year at o” (Nixon, loc. cit. ; Chrm, Ahstr., 1957, 51, 

In most date-growing countries of the Old World, 
the fruit is generally sent in hulk to the markets and 
usually packed there in palm-leaf hags for export. In 
U.S.A., cardboard and light wooden containers are 
used for packing ; such packing is used only for 
choice varieties in Arab countries. Some coininercial 
packs are pasteurized to destroy pathogenic and 
spoiling micro-organisms and insects ; vacuum 
pasteurization with high moisture content, however, 
causes dates to become puffy. Dcglct Noor dates and 
some other varieties may be kept in light cans or 
glass jars, if the moisture content of the fruit has been 
lowered sufficiently to prevent souring [Bajwa & 
Bakhshi, loc. cit. ; Nixon, loc. cit. ; von Locsecke, 
1942, 75; Indian hort, Abslr,, 1951. 1(9), 12]. 

/ 7 n/)or/^- -Considerable cpiantities of dates arc 
consumed in India, which arc imported mainly from 
Ira(|, Muscat, Iran and Saudi Arabia. They arc sold 


in two forms in the market, viz. soft fleshy dates, 
imported in palm-leaf bags and commonly sold 
during winter, especially in North India and the 
hard dry dates or chhuhara, available from grocers 
throughout the country and eaten as restorative or 
added to sweet dishes, 'lahlc i gives the import of 
dates for the years 1(962-^3 to 1(965-66. Small cpianti- 
ties of dates are also re-exported. 

U'lILIZAITON AND ClIEMICAL CoMFOSmON 

Fruit — Dales are rich in sugars and are eaten fresh 
or dried. They form an important item of food in the 
Arabian countries. Dates are widely used in bakery 
and confectionery. They arc made into jams and 
preserves or added in cakes and in dishes with milk, 
butter, meal, etc. ; a type of honey is also prepared 
from them. Dates are considered demulcent, expec- 
torant and laxative and arc used in respiratory 
diseases and fever : they are also reported to he used 
in Yemen in cases of memory disturbance. Dates can 
be canned as a paste after pitting, grinding and 
mixing with invert sugar syrup. Date-syrup (invert 
sugars, c. 70%), obtainctl hy extracting the fruit with 
hot water and concentrating it in vacuum, has a mild 
sweet taste and may he used in the manufacture of 
gingerbread. Brandy of good ([iiality is prepared from 
dates : flavoured with anise [PimpincHa anisufn 
Linn.) seeds, it is a popular arrack in Arabian 
countries. In Nigeria, dates mixed with chillies are 
added to beer to make it less intoxicating. Dates 
(total dig. nutrients, 59.8'’..) are also fed to (atile, 
sheep and goats (Jacobs, TI, 1551 : IToppe, 663 : Kirt. 
(& Basil, IV, 2562 : I les & Reani, Quart. J. Crude 
Drug Res., 1(963, 3 , 3(95 ; Cruess, 565 : Fcnn. Pol., 
1958, 12, 41 : Persinos et aL, ibid., 1964. 18, 329; 
Bawa, Indian Fmg, 1(950, II, 328 ; Nutr. Ahstr. Rev,, 
i960, 30, 1503). 

Analysis of the edible matter of freshly dried dates 
(edible matter, 86Vn : seed, 147(1) obtained from 
Coonoor market, gave the following values ; mois- 


TABLE 1— IMPORT OF DATES 
(Qty in tonnes and V'al. in Ks.) 




1962 64 


196.4 64 

JL 


1964 65 


196.5-66 



Val. 


1 

Val. 

(Jiy 

Val. 

QiV 

^ 

Val. 

.Sofi fleshy 

21.942* 

IO..S.48,t94 

.49.224* 

12.187,019 

54,.564t 

2t,895..t24 

42,419 

16,642.462 

Hard dry 

11,190 

11,750,0.4.4 

1.5,201 

9,880,755 

I4..t62 

ii,.ra,iii 

10,877 

10,944,963 

'rOTAL 

4.4,142 

22,288,248 

54,425 

22,067,774 

66,926 

.44,274,4.44 

54,296 

27,577,425 


• Sofi fleshy dates were six'cificd as “fresh dates” in the trade statistics diirin); and 1%.^ 64. 

t In addition .4,681 tonnes of fresh dates valued at Rs. 13^-4,170 were a1s(» imported. 
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tiirc, 15.3 ; protein, 2.5 ; fat, 0.4 ; carbohydrates, 
75.8; fibre, 3.9; mineral matter, 2.1; phosphorus, 
0.05; and calcium, 0.12%; iron, 7.3 mg.; carotene 
(as vitamin A), 44 LU. ; thiamine, 0.01 1 ; riboflavin, 
0.023 * nicotinic acid, o.y : and ascorbic acid, 3 mg./ 
100 g. : calorific val., 317 cal./ 100 g. The mineral 
composition of ilrietl dates from a foreign source was 
as follows: potassium, 754; calcium, 67.9; magne- 
sium, 58.5: iron, 1.61; copper. 0.21; phosphorus, 
63.8; sulphur, 51.0 mg./ 100 g. Presence of /inc, 
arsenic, and iodine (6.3 /ig./ioo g.) is also reported 
[Helavady ik Balasiibramanian, Indian J. agrk\ Sci., 
1959, 29(2 & 3), 15 1 ; McCaiice & Widdowson, 75 ; 
Winton & Winton, If, 486 ; Iodine Content of 
Foods, 97 1 . 

The main components of ripe dates are sugars, 
constituting up to 85 per cent of total solids. The 
major sugar which accumulates at the ripe stage 
depends on the variety. Sucrose is the predominant 
sugar in the dry varieties ; sucrose and invert sugar 
are present in comparable degree in the semi-dry 
types; and invert sugar predominates in the soft 
dates. The concentration of sucrose and invert sugar 
in the dates is determined l)y the presence or relative 
absence of tlie enzyme invertase. At some stage of 
their development, all dates contain a high percentage 
of sucrose, and l)ulk of the invert sugar present in the 
soft varieties results from inversion of sucrose. Besides 
sucrose and invert sugars, rhamnose, xylose, aralri- 
nose, rihose, galactose, and galactiironic acid have 
been identified in the fruit. The greatest influx of 
sugar into the dale takes place sliortly before ripening. 
Dates, therefore, cannot be artificially ripened into 
an economic product before a certain minimum 
accumulation of sugar has taken place (Ashmawi 
cl al., J. Sci. Fd /1g/7c., 1956, 7 , 625 : Cruess, 562 ; 
Jacobs, II, 1549: Chem. Ahslr., 1959, 53 , 7.128)- 

The immature fruit contains appreciable (piaiitities 
of astringent principles which disa|)pear to a large 
extent at tlie ripe stage ; tannin content of the ripe 
fruits ranges from 0.02 to 1.8 per cent. Polyphenols, 
mainly polymeric leiicocyanidins, are present to the 
extent of 3 per cent in the green dales (l)cglcl Noor 
variety). The pigments responsible for the colour 
characteristics of the fresh dates are a mixture of 
different carotenoids, anthocyanins, flavones and 
flavonols. Dales contain small (piantities of |)ecrin, 
wax and sorbitol. Invertase and peroxidase are also 
present (Jacobs, II, 1548, 1550; Warth, 156; Winton 
& Winton, II, 486 ; Ashmawi cl ai, loc. cit. ; Clicm. 
Ahstr., i960, 54, 6994 ; 1957, 51 , 16743). 


Analysis of the edible portion (SoV«.) of the dried, 
hard preserved dates or clilinliara gave the following 
values: moisture. 11.9; protein, 2.9: fat, 0.5: carbo- 
hydrates, S2.9 : and ash, 1.8%: calcium, 35.9 : phos- 
phorus, 129.3 • 3-4 • calorific val., 347 

cal./ too g. A sample of preserved dales (Persian) 
contained: carbohydrates, 67.3: calcium, 0.07: and 
phosphorus. o.oS';,, ; iron, 10.6 mg. ; vitamin A, 6;)() 

I. U. ; thiamine, 0.09 : riboflavin. 0.03 : and nicotinic 
acid. 0.8 mg./ too g. ; vitamin C. nil. Sucrose is tlie 
chief sugar in chhuhara (Khan & Chuglitai, Pakist. 

J. sci. Res., 1956, 8 , 155 ; Sen (hipta. Indian J. aj^pl. 
Client., 1958. 21 , 45: Nutritive Value of Indian 
Foods, 68, 103, 133 : Girdhari l^d ct ai, 242). 

Seed -Date seeds or stones when ground or 
softened by soaking in water are used for feeding 
camels, goats, sheep and horses : they are rej)t»rrecl 
to have beeti successftilly subsl it tiled for barley in 
poultry feed in Kgypl. In South India, a paste made 
from the seeds by trituration with water is ap|)lied 
in eye diseases. Date seeds can serve as a raw material 
for the preparation of oxalic acid : a yield of 65 per 
cent was olitained by digesting the seeds with con- 
centrated nitric acid and then treating the digest 
with a mixture of nitric anil molybdic ai ids. Roasted 
ground seeds are used as an adulterant of coffee. Small 
bits of seeds are reported to be used as adulterant of 
areca-mit bits (Kin. tV Basu. IV, 2562 : Afifi cl ai, 
Trnp, Agricidlurc, Trin., 1966, 43 , 170; Dhar, ]. sci. 
industr. Res., 1952, llA, 370 : Allen, VII, 398). 

The dried date seeds contain : moisture. 7.9 ; 
protein, 5.2 : fat, 6.8 : carbohydraies. 65.5 : fibre. 13.6 ; 
and ash. 0.89V. 1. Presence of sterols of the ergoslerol 
group, and esterone has been reported. Tlie fatly oil 
from the date seeds resembles palm oil. It is a pale 
yellowish green lic|uid with a |)Ieasant odour and 
has the following characteristics: sp. gr.*’’, 
0.9201-0.9207: , 1.4574-1.4580 : acid val.. 0.38 

0.95: sap. val., 206-213; iod. val., 5*)-55 : R.M. val., 
0.9-1. 1 ; Polenske val., 2. 7-3.0 ; and unsapon. matter, 
0.4-2.0V;,. The fatly acid composition of the oil 
is as follows: lauric, 8; myristic, 4: palmitic, 25: 
stearic, 10 ; oleic, 45 ; and linoleic, 10','.. : caprylic and 
capric acids have been identified. Hie oil has been 
reported to he used in soap making in Irac| | Thorpe, 
III, 54S ; Jacob.s, If. 1551 : Bennett ct al., Pti\ln- 
clictnisiry, 1966, 5 , 231; Fckey, 363: Nttlr. Ahstr. 
Rev., i960, 30 , 1^03: Treakle. Foreign /Ignc., 1969, 

3(48), 7 l- ' ‘ 

Sap -Date palm is tapped for its sugary sap in 
some countries of North Africa. The lapping is 
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usually done ])y making a circular cut or trough 
around the base of the exposed lerininal bud (by 
cuifing the central leaves) and running the exuding 
sap through a spout into the collecting vessel : the 
yield of sap per palm is estimated at c. lo litres per 
day. rhe sap lias a sweet taste, pleasing flavour and 
good nutritive value ; it is also cooling and laxative. 
The sap (sucrose content, i ()?;») can be used for the 
preparation of jaggery (gur) and sugar. Jaggery made 
out of the sap contained: moisture, 9.6: carbo- 
hydrates, S6.1 : protein. 1.5: fat, 0.3; minerals, 2.6; 
calcium, 0.36 : and phosphorus, o.n6%. The sap is 
also employed for the manufacture of vinegar. 
Fermentation of sap starts spontaneously : the sap 
collected in the morning may contain 4-5 per cent 
alcohol by the evening. The fermented rujuor (toddy) 
is slightly acidic and lias a pleasant tang |l)o\vson, 
7 Vo/). /t ((ncu/t!/r(\ Tr'ni., 1957, 34 , 295 : Kirt. & Basil, 
IV, 2562 ; Thorpe, III, 548 : Nutritive Value of Indian 
Foods, 84, 1 19; Verma, ludian Fmg, N.S., 1960-61, 
10 ( 12 ), 35 |- 

Ollier //.vc.s---l)are palm is one of the most useful 
trees and all its parts are utili/ed for various purposes 
in the countries in which if grows. The leaves are 
used for thatching, and for making mats, fans, 
baskets, ropes, etc. The petioles make good, light 
walking sticks and are also used for making crates, 
boxes and fishing floats ; the lower thicker parts are 
used as fuel. The leaves, especially the petioles, yield 
lihre which together with fillers such as groundnut 
shells may he used in the production of insulating 
hoards. The fibrous covering of the sheathing ba.ses 
of petiole is used for making pack saddles for oxen 
and the lihre extracted from it is made into cordage. 
Careen spathes also yield a fibre used for making 
ropes. The bunches of fruit stalks are used as brooms 
(7 Vo/). Abslr,, 1965, 20 , 318). 

The terminal leaf bud is eaten raw or cooked as a 
vegetable. Tam water, a pleasantly aromatic lupiid 
obtained by distillation from the fresh spathes, is 
highly esteemed in Arab countries and is used for 
making sherbet. 

Date palm yields a light, hut fairly durable wood, 
which is, however, soft internally. The unwanted 
male palms, and female palms past bearing, are cut 
and used for house construction, bridges, water 
conduits, etc. In Morocco, the plant is re|)orted to be 
used for tanning. Prunings of date leaves and fruit 
stalks may be used as manure. The leaves contain: 
nitrogen, 0.4-0.66 ; phosphorus, 0.025-0.062 ; potas- 
sium, 0.33-0.66 ; and ash, 10.0-16.4%. The fruit stalks 


contain : nitrogen, 0.28-0.42 ; phosphorus, 0.017 0.04 • 
potassium, 3.46-4.94 ; and ash, 7.7-9.88%. The tree 
yields a gum which is used in diarrhoea (Blatter, 
29-31 ; Persinos ct aL, loc. cit. ; Biol, Abslr,, 1948, 22 , 
1929 ; Kirt. & Basil, IV, 2562). 

An estrogenic substance has been isolated from the 
non-saponifiable fraction of fatty oil from dried 
pollen. Pollen exhibits a gonadotropic activity on im- 
mature rats. The presence of cholesterol and estrone 
has been recently reported in the pollen [Chem, 
Abslr,, 1958, 52 , 3130; Hassan & A 1 Wafa, Nature, 
Loud,, 1947, 159 , 409 ; Bennett cl aL, loc. cit.). 

P. humilis Royle Dwarf Daie Palm, Hill Date 
PA r..M 

FI. Br. Jnd., VI, 426. 

A handsome palm, up to 3 m. in height, some- 
times will) hulhiferous or short tufted stems, found 
almost throughout India, chiefly in hilly districts, up 
to an altitude of c. 2 ,(xk) m. Leaves suh-glaucous; 
pinnae scattered, interruptedly fascicled ; fruiting 
spadix slender, spreading; fruit oblong, e. 1.25 cm. 
long, pericarj) thin. 

The economic uses of this palm are similar to those 
of P, acaulis. It yields a sago. The pith from the top of 
the stem is eaten. The fruits are sweet and edible, hut 
contain little pulp. The leaves are used for making 
mats, baskets, fancy handbags, etc., and are also 
suitable for cordage. The wood (wt., 464 kg./ cu.m.) is 
light brown and moderately hard (Wehmer, 1 , 121 ; 
Kanjilal, P. C., 381 : Krishnamurii Naidii, 121 ; 
Gamble, 731). 

Three Indian varieties of this palm * have been 
recognized, which are generally not discriminated in 
their economic uses : some authors consider them as 
distinct species. Var. humilis (Hindi -Khajuri ; 
Kumaun Thankal) is common in the Himalayas, 
Assam and Northern and Central India ; var. pedun- 
cnlata Becc. (Mar. — Shnvra, shilind ; Tel. — Kouda- 
ita ; Ta.xi. — Inji, tnalai-icliam ; Kan. — Sun-icliil ; 
Oriya- Bukliorjtiro, kojiri) is distributed chiefly In 
the hills of the Dcccan Peninsula ; and var. loureirii 
(Kunth) Bccc. syn. P, piisilla I^ur., non Gacrtn. occurs 
in Khasi hills and Manipur, and is a good pot plant 
(Blatter, 17-21 ; Bailey, 1949, 171). 

P. paludosa Roxb. 

D.E.P., VI(i), 207 ; C.P., 868 ; FI. Br. Ind., Vf. 427. 

Beng. & Oriya — Hital ; TEL,-—IIinlalamu, 

A handsome palm, often with inclined or soboli- 
ferous stems, up to 8 m. in length and 9 cm. in diam., 
found in the coastal swamps of West Bengal, Orissa 
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and the Andamans ; it occurs gregariously, forming 
impenetrable thickets. Leaves spreading, up to 3 m. 
long: pinnae 30-60 cm. long, whitish or farinose 
underneath ; spadices c. 45 cm. long : male Howers 
yellow, female greenish : fniit an ovoid berry, c. 1.25 
cm. long, black purple when ripe. 

The leaves are used for thatching and for making 
rough ropes, fences, etc. They were tried for paj)er 
making but pulp yield was low (25%). The leaves 
(tannin, <7%) have iK'cn found U) he unsuitable as 
a tanning material. The steins of smaller plants are 
used as walking sticks : larger stems serve as rafters, 
'fhe fruits are eaten : they arc reported to possess 
cooling and antiphlogistic properties. 'I'he pith of the 
stem is also edihle (Burkill, II, 1714; Nadkarni, 1 , 
946). 

P. pusilla Gaertn. syn. P, farinifera Roxh. 

G.K.P., Vr(i), 206 ; FI. Br. Ind., VI, 426. 

Tki.. — Cliirulfhilfi, cliitti-iin : sufri 

Ka's,- HuUk'hala^ sannn-icluilu ; Mal. Ecntha, 
cliitliniaL 

A shrubhy palm found on the Coromandel coast 
and in other |)arfs of South India. Stem very short, 
35 -45 cm. long, enveloped in old leaf bases ; leaves 
1.0- 1.5 111. long: pinnae 4-farioiis, sword shaped, pale 
green ; spadices 20-30 cm. long, much hranched : 
male flowers white, female greenish : berry c. 1.25 cm. 
long, dull purple lilack ; seed cartilaginous, longitu* 
dinally grooved. 

The stem freed from the leaves and the outer 
wocxly fibrous covering, yields a farinaceous substance 
eaten in times of scarcity. The farinaceous matter is 
separated by heating pieces of stem in a mortar : it is 
sifted, boiled into a thick gruel or kanji and con 
sutned. 'Ihe gruel affords less nourishment than 
common sago and is hitter when boiled. The young 
terminal leaf hud is also reported to he eaten. The 
fniits are edihle and contain a small (piaiitity of sweet 
ptilp. Tlicy are prescribed in respiratory disorders 
and fever. The seeds are made into a paste by tritu- 
ration with water and applied in inflammation of the 
eyes. The fresh sap is cooling anil laxative. The palm 
yields a gum which is reported to he used in diarrhoea 
and urinary disorders (Blatter, 17 : Cains, /. Hombay 
nat. Hist. Soc., 1934 - 35 * ^ 7 , 937). 

The leaves are used for thatching and for making 
coarse mats : the petioles arc split and woven into 
inferior type of baskets. The leaves are reported 
to afford a valuable fuel for potteries in Mysore 
(Cameron, 331). 


P. sylvestris Roxh. Wild Dajk Palm, Daik Scoar 
Palm 

n.E.P., VI(i), 208; C.P., 885, 929, 1046; FI. Br. 
Ind., VI, 425. 

HtNDi — Khajur, kiwjuri ; Hem:. — Khajur, kejur, 
kajiir ; Mar.- hokhamU sendri ; Guj. — 
Khanik, khakri ; Tel. Pedda-iia ; Tam. — Icham ; 
Kan. — iciialu ; Oriya Khajuri, kojari, 

A graceful palm, 10 16 in. in height, with a large 
crown, found throughout India up to an altitude of 
1.51x1 m. Trunk covered with jiersistent bases of 
petioles ; leaves 3.0-4.5 m. long, greyisli green, with 
a few short spines at the base: pinnae numerous, 
linear, 15-45 cm. long, ending in short points ; flowers 
in spadices, small, fragrant; male flowers white, 
female greenish ; fruiting spadix c. 90 cm. long ; fruit 
an oblong< 41 ipsoid berry, 2. 5-3.2 cm. long, orange- 
yellow ; seed c. 1.7 cm. long, deeply grooved, rounded 
at the ends. 

P, sylvestris is common in many parts of India, 
either wild or cultivated. About 29 million palms are 
reported to exist in India. It prefers moist alluvial 
soils, not loo heavy and clayey. Natural regene- 
ration takes place freely by seed and the young plants 
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are little subject to browsing. Artificial propagation 
may be clone lly transplanting nursery raised seed- 
lings. The seeds arc sown in May and the seedlings 
transplanted in the third year, during rainy season in 
previously hoed and ploughed soil. When the plants 
are five years old, the upper green leaves are tied up 
and the lower yellow ones cut away ; this is repeated 
annually, the ground being well ploughed mean- 
while. The palm flowers in the beginning of the hot 
season and the fruits ripen in Sepiembcr-October. It 
does not produce offsh(M)ts or suckers (Troup, III, 
967 ; Davis, Sci, Reporter, 1967, 4 , 70). 

Wild date palm is subject to the attack of the 
following diseases : leaf splitting {Exosporiurn palmi- 
vorum Sacc.), pin-head spot (Grammothelc cireracea 
Bres. ; GraphioUt applanata Syd. & Butler), false smut 
[Graphiola phoenicis (Moug.) Poit.], sooty mould 
{Meliola amphitricha Fr. ; Meliola ^Imicola Wint.) 
and grey blight (Pestalotia paltnarum Cooke). A 
numter of insect pests have been recorded affecting 
the stem and leaves [Indian /. agric. Sci, 1950, 20 , 
107 ; Mathur & Balwant Singh, Indian For, Bull, 
NS., No. 171(7), 1959, 20]. 

Tapping — ^Wild date palm is tapped in many parts 
of India for its sap which is converted into palm 
j^SS^^y sugar. The trees are generally found 

growing on the borders of the fields ; when especially 
cultivated for tapping, they are planted in rows with 
a spacing of 3-4 m. They are ready for tapping at 
the age of seven years when the stem is c. 0.5 m. high, 
though it is preferable to wait until the eighth or 
ninth year when the stem attains a height of c. i m. ; 
tapping can be done for 25-30 or many more years. 
The tapping season lasts for 4-6 months, commencing 
from October-November ; the yield of sap is 
maximum during the cold weather and decreases 
with the onset of hot season. 

The crown of the wild date palm is formed by the 
upper, more or less erect, and the lower, more hori- 
zontally inclined leaves. For tapping, the lower leaves 
along one side of the trunk are c^t off and the bark 
removed to expose the inner soft layer to the extent 
of c. 45 cm. vertically and half of the circumference 
of the tree horizontally. The exposed surface is bril- 
liant white at first, but soon turns brown. After a few 
days, the tapping is started in the evening by making 
a V-shaped cut on the exposed surface and scooping 
out a triangular area inside the V. The sap, exuding 
from the scooped surface, is run through a bamboo 
spout into an earthen vessel, internally coated with 
lime, and is collected early next morning. A similar, 



FIG. 14-PHOENlX SYLVESTRIS-TAPPING FOR NIRA 


but somewhat shallow cut is made on the second 
evening and the sap collected in the same way. The 
plant is then generally given rest for the next three 
days, though some amount of sap is collected during 
third night by merely cleaning the previous cut. This 
tapping schedule is continued for the season by 
making fresh cuts. To ensure optimum flow of the 
sap, fruit bun^es are usually cut off. By repeated 
tapping, the palm gets more and more hewed into, 
so that at the end of the season the exuding surface 
is 7.5-10.0 cm. deep. Cuts arc made on alternate sides 
of the trunk in successive seasons giving it a zig-zag 
appearance. In Bengal, tapping is done at the ^ses 
of the lower leaves inclined at c. 45® to the horizontal, 
while in some parts of western India and Andhra 
Pradesh it is carried out a little higher, at a more 
delicate portion, at the bases of the leaves making an 
angle of c. 70® to the horizontal. The former method 
causes less damage to the growing parts and is 
generally preferred. Recently a new technique has 
been intrc^uced in which the exposed surface is 
divided vertically into three equal zones and tapping 
is done by slicing only one zone daily, thus affording 
two days rest to each zone. The yield of juice by this 
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method is reported to be double. The yield of sap per 
palm is reported to vary considerably from 70 to 
310 kg. in a season, giving 10-13 c^nt of its weight 
as gur (Troup, III, 967 ; Bhate, Bull Dep. Ind, & 
Comm,, Industr. Lab,, Hyderabad, No. 7, 1949 ; Tad 
Gud Parichaya, 1958, 14). 

S/ip— Fresh unfermented sap (nira) is a refreshing 
sweet drink. It is utilized for the preparation of gut 
and sugar. The sap after it has undergone spontane- 
ous fermentation for 8 to 10 hours is a common 
beverage (toddy), in certain parts of India. It is also 
used to a limited extent for making vinegar. 

Nira can be pasteurized at 76^0^ and bottled 
without spoiling its natural flavour ; addition of 
sodium benzoate in combination with a small 
quantity of citric or malic acid makes pasteurization 
more effective. A process has been patented for the 
preservation of nira by the addition of ammonium 
hydroxide. Recent experimental trials have shown 
that paliidrinc (150 mg./l.) arrests fermentation for 
more than 72 hours ; traces of paludrine can be 
removed from the nira hy passing it through a 
column of activated charcoal. The sap may be con- 
centrated to a moisture content of 5 per cent by the 
use of a double drum drier (Basrur & Qureshi, /. 
Osmania Univ., 1939, 7 , 19 ; Baliga & Ivy, /. agric. 
Fd Chem., 1961, 9 , 149; Chakravorty, Indian Pat., 
No. 42938, 1951 ; Sarma, Res. & Ind., 1963, •, 221 ; 
Bose & Majiimder, Food Technol, Champaign, 1950, 
4. 54 )- 

Nira is a good source of vitamins of the B group 
and contains appreciable amount of ascorbic acid. 
Analysis of the fresh sap gave the following values : 
sp. gr., 1.07 ; pH, 6.75 ; protein, 0.37 ; total sugars, 
11.01 ; reducing sugars, 0.97 ; mineral matter, 0.54; 
and phosphorus, 0.16%; calcium, trace; iron, 0.04; 
thiamine, 13.30: riboflavin, 0.01 ; and ascorbic acid, 
9.46 mg./ 100 ml. It contains also nicotinic acid (up 
to 3.35 mg./ 100 ml.), fsonicotinic acid hydrazide, and 
organic acids (0.12%, expressed as tartaric acid). The 
concentration of ascorbic acid varies from 7.1 to 
12.5 mg./ 100 ml. ; value as high as 29.9 mg./ 100 g. 
has been reported for a sample of nira. Ascorbic acid 
in nira is highly stable ; loss of the vitamin on 
storage of nira for 15 days at 37^ was less than 10 per 
cent. The stability of ascorbic aicid is attributed to 
the presence of glutathione, c. 0.07 g./l. (Baliga & 
Ivy, loc. cit. ; Bhagwat & Sohonie, Sci. & Cult,, 
1955-56, 21 f 265; Guttikar & Sohonie, Cfirr. Set,, 
1952, 21 , 137 ; Bose & Majumder, loc. cit. : Hatwalne 
& Sohonie, /. sci, industr. Res,, 1955, 14 C, 59). 


Fresh unfermented sap with alkaline pH is used 
for making gur. The content of reducing sugar in the 
sap should not exceed 2 per cent, otherwise the gur 
docs not set properly. Liming of the sap is not pre- 
ferred as it imparts a dark colour to the gur; 
paludrine-preserved nira yields gur with better colour, 
flavour, taste and nutritive value. For the preparation 
of gfir, the fresh sap is Ixiiled in big pans ; to ensure 
steady boiling, the scum should be quickly removed 
at intervals. When the sap attains the proper consis- 
tency, it is cooled, aired apd poured into pots or trays 
to get lumps or tablets of gur, Tlie product may be 
refined to different grades of sugar ; a product nearly 
as white as cane-sugar can be obtained after two or 
three boilings. The palm molasses can be used for 
edible purposes, and as a source of alcohol (Bhate, 
Bull Dep, Ind, & Comm., Industr. Lab., Hyderabad, 
No. 9, 1925 ; Sarma, loc. cit. ; Jo.shi & Shahi, Khadi 
Graniodyog, 1965-66, 12, 834). 

Palm gur is reported to be more nutritious than 
cane gur. The vitamin content of palm gur is as 
follows; thiamine, 0.018-0.029 ; riboflavin, 0.42-0.46 ; 
nicotinic acid, 3.92-4.50; and vitamin C, 5.2-30.0 
mg./ 100 g. The gur contains the following minerals: 
calcium, 0.202-0.357 ; phosphorus, 0.035-0.220 ; iron, 
0.0049-0.0089; sodium, 0.006-0.025; and potassium, 
0.100-0.162% ; copper, cobalt, nickel, magnesium and 
molybdenum arc present. The major portion (60-80%) 
of total nitrogen in the gur is present in the non- 
protein fraction. The amino acids present in the non- 
protein fraction are ; lysine, 3.40 ; phenylalanine, 
0.315; leucine, 8.0; threonine, 11.62; troleucinc, 
2.025; tyrosine, 37.50; and cystine, 33.20 mg./ 100 g. 
The concentration of amino acids in palm gur is 
much higher than in cane gur (Hatwalne & Sohonie, 
Curr, Sci,, 1952, 21 , 349 ; Tad Gud Parichaya, 1958, 
38 ; Joshi & Sohonie, /. sci. industr. Res., 1957, 16 C, 
1 19 ; Nath & Uppin, ibid., 1961, 20 D, 40). 

Analysis of the toddy gave the following values: 
sucrose, 0.36; reducing sugar, 0.17; total acids (as 
tartaric), 0.94 ; alcohol, 3.61 ; glycerol, 0.33 ; ash, 
0.196; nitrogen, 0.12; and phosphorus (PsOa), 
0.55 g./ioo ml. Toddy is stated to possess a higher 
growth promoting potency than nira; it nourishes 
micro-organisms which synthesize and secrete some 
vitamins during growth. It makes a nutritious drink, 
especially for those suffering from thiamine defi- 
ciency; it also contains more riboflavin than nira 
(Basrur & Qureshi, loc. cit.; Rao & Sreenivasaya, 
Curr, Sci,, 1949, 18 ^ 250 ; Biswas & Cuba, Indian med, 
Gaz„ 1935, 70 , 382). 
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For the preparation of vinegar, sap is allowed to 
ferment spontaneously in carboys filled up to the 
brim to avoir! direct contact with air : inoculation 
with yeast is not found to accelerate fermentation. 
Alcoholic fermentation is complete in 12-15 
(luring which time the temperature is maintained at 
24-27^. The fermented sap is filtered and transferred 
to another container for acetic fermentation at 
moderate temperature and with free access to air, till 
the total acidity reaches about 6.5 per cent (as acetic 
acid) after a period of about 3 months. Tlie yield of 
vinegar is 70 per cent of the weight of the sap | Verma, 
Indian Fmg, N.S,, 1960-61, 10(i2), 35I. 

Fruit — ^'I'he fruits are edible, hut are of an inferior 
cjuality. They arc considered restorative. They may 
he preserved as sucli or made into jellies and jams. 
The flesh constitutes c. 60 per cent of the whole fruit, 
ft contains; moisture. 59.2; proteins. 1.2; fat, 0.4; 
carholiydrates, 33.8 : fibre, 3.7 : mineral matter, 1.7 : 
calcium, 0.022 : and phosphorus, 0.38%. The fniiis 
can ])e used for the preparation of vinegar. They are 
converted into a juice by boiling them with an e(|ual 
volume of water, followed by pressing, and repeating 
this operation thrice to get maximum extraction. The 
juice so obtained (sugars. 15-1 7 Vo) is inverted by 
boiling w'ith hydrochloric acid (1-3 ml. /I.) and 
inoculated with a culture of fresh yeast to which 
some nutrient salts are previously added. Fermenta- 
tion starts within 24 liours (temperature varying from 
26.6° to 32.2°) and lasts for seven days. Acetic 
fermentation is carried out in open vats by inoculat- 
ing with pure and vigorous Acctohactcr aceti or 
10 per cent unpasteuri/ed ‘^mother vinegar”. The 
mi.xture is kept in dark f(3r iwo months. The vinegar 
fsp. gr., 1.18 : and total acid content (as acetic acid), 
4.98%! so obtained is a clear rK|uid of blackish red 
colour : 100 kg. of fre.sh fruits yield 1 20-150 litres of 
standard vinegar (acetic acid, <4'X.) (Cowen, 96; 
Das & Sarin, hulusir, Fngnff CVicm., 1936, 28 , 814; 
Nutritive Value of Indian Foods, 68, 103). 

Other uses — Agaves of P. sylvestris are widely used 
for thatching and for making mats, fans, baskets, 
hags, brooms, fishing nets, etc. : they also yield a .soft 
fibre which bleaches well. The petioles are beaten and 
made into ropes, tised for drawing water from wells. 
Female spadix forms a good hru.sh for whitewashing. 
Leaf bud and the inner portion of the stem arc eaten 
in rimes of scarcity. The leaves are also lopped for 
fodder. The tree yields a light brown, durable wood 
(wt., 625 kg./cu.m.) consisting of a hard and rough 
(niter cylinder and soft inner portion. It is used for 


temporary construction, bridges and piers and for 
tent pegs ; trunks freed from pith make excellent 
water conduits. The tree also yields a gmn. The hark 
contains tannin. The seeds made into a paste with 
the roots of Achyranthes aspera are eaten with betel 
leaves for ague. I'hc roots arc reported to be used 
in toothache |Mayuranathan, 295; Cameron, 330; 
Yegna Narayan Aiyer, 1950, 92 ; Kri.shnamurti 
Naidu, 93 ; Khan, 326 ; Edwards vt ah, Indian For. 
Rev., NS., Clicm. & Minor For. Prod., 1(2), 

160; Chopra, 1958,519!. 

P. canariensLs Chahaud, a native of Canary Islands, 
is a hardy, fast growing, ornamental palm up to 
15 m. in height, cultivated in some Indian gardens. It 
is a stately tree with a large crown and is suitable for 
growing in groups and along avenues and borders of 
parks and lakes. Tlx' seeds contain a fat (8.62 ‘,0) 
and r/-mannan (Blatter, 41; Krishnamurthi, 220; 
Wehmer, I, 121). 

P. rcclinata Jac(]. syn. P. spitiosa Thonn., a native 
of tropical Africa, is a soholiferous ornamental palm, 
ti|) to 12 m. in height, mostly with several stems and 
feathery leaves, cultivated in Indian gardens. In 
Africa, the leaves are used for tnakitig mats, caps and 
ropes ; they take colour easily and can he worked 
into many patterns. The green fruit hunches assume 
a rich scarlet colour on immersion in water for a few 
hours and the astringent pidp becomes sweet and 
edible. The terminal leaf bud is eaten as a vegetable. 
The sap (obtained by tapping near the niots hecotties 
intoxicating like toddy on fermentation (Firminger, 
308 : Blatter, 39 ; Dalzicl, 509-10). 

P. robusta Hook. f. (Mak. -.S 7 /c///) is a palm with 
trunk up to 6 m. in height and c. 37 cm. in diam., 
found in Bihar and parts of Deccan IVninsula up to 
an altitude of i,7cx) m. The leaves arc used for making 
tnats. The fruit is black, sweet and edible (Blatter, 
24 : Talbot, II, 548). 

P. rnpicola T. Anders, is a graceful, slender palm 
with trunk up to 7 m. in lieight and c. 20 ctn. in 
diam., found in eastern Himalayas attd Mishtni hills 
in A.s.satn : it is also cultivated in gardens. The pith 
of the stem is farinaceous and can be eaten (Gamble, 
730 ; Burkill, II, 1713 ; Cowan & Cowan, 136). 

P. zeylanka Trimen syn. P. ptisilla Becc. non 
Caertn., a native of Ceylon, is a palm up to 7 m. in 
height, cultivated in Indian gardens. The leaves take 
colour easily and are used in making mats, baskets, 
hags, etc. The fruit is sweet and edible. The pith of 
the stem is eaten in times of scarcity (Firminger, 
308 ; lAJwis, 360 : Gamble, 730). 
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PHORMIUM Forst. (Liliaccae ; Agrtvaccfic) 

D.K.P., VI(i), 215 ; Baik-y, 1949, 239. 

A small gtMius of stout, tufted, perennial herbs, 
native of New Zealand and Norfolk Island. P, tenax 
Forst. (New Zealand Flax, New Zealand Hemp) is 
widely cultivated in cool tropics and warm teiiiperate 
regions for fibre and ornamental foliage. It has been 
introduced in gardens in tlie hills of South India and 
is reported to be growing well in Ootacamund : its 
cultivation for the extraction of fibre has been re- 
commended (Firminger, 314 : Krisbnamurtbi, 254). 

P, tenax is a robust, perennial herb with a stout 
branching rhizome, bearing fan-shaped clusters of 
large radical leaves : leaves sword-shaped, longitudi- 
nally folded, 1-4 m. X4-12 cm., dark green with 
orange or reddish margin : flowers in panicles, up to 
5 m. long, yellowish red ; capsules 5-10 cm. long, 
many .seeded. The herb can he easily propagated by 
seeds or divisions. 

The leaves yield a valuable hard fibre which is 
mostly concentrated in the midrib. First harvest of 
leaves is taken when the plants are 3 6 years old : 
thereafter the harvesting cycle varies. Fibre is 
extracted by scraping the leaves by hand or crushing 
them in machines. It is washed, dried in the sun and 
scutched to remove adhering pulp. The yield of dry 
fibre is 15* 20 per cent of the weight of fresh leaves;. 
The commercial fibre (length, 1. 2-2.7 * tthitnate 

cell, 2-15 mm. long, 5-25 /* diam.) is creamy white 
with reddish yellow tinge, lustrous, soft and flexible 
and can he easily dyed. It is chiefly used for towlines, 
twine aiul other cordage, mattings, and to some extent 
for shoe soles and cloth : in New Zealand, it is largely 
used for making packing hags for wool. The tow is 
used for stuffing mattresses and as binding material 
for certain plasters. Analysis of the fibre shows: 
moisture, 10 ; fat and wax, 0.70 : wafer .solubles, 
2.20: lignin, 11.20: cellulose, 45.10: hemicellulose, 
30.10 : and pectin, 0.7';.'.. The fibre yields up to 60 per 
cent of a pulp suitable for making writing and 
wrapping paper and rayon. The pulp can he fermented 
to produce alcohol and the residue can be used as 
cattle feed (Weindling, 112; Matthews, 418-24 
Harris, 70 ; Fibres, 1953, 14, 247 : Hill, 38 : Critch- 
field, Econ. Rot., 1951, 5 , 172 : Thorpe, VI, 165 ; Chem. 
Abstr,, 1931, 25, 2562 ; 1935, 29, 60^0 : Bull imp. Inst., 
Land., 1929, 27, 8 : Hort. Abstr., 1967, 37, 662). 

The seeds yield up to 30.7 per cent of a brown 
coloured semi-drying oil of potential use in the paint 
and varnish industry. The gum exuding from bases 
of leaves and the nectar of flowers arc reported to he 


cfillecterl and eaten in New Zealand. A decoction of 
the r(K)ts is used as purgative and anthelmintic 
(Morice, J. Sci. Fd /Igric., 1962, 13, 666: Critchfield, 
loc. cit.). 

PHOSPHATIC MINERALS 

C.P.. 772. 

Phosphorus forms about 0.12 per cent of the earth’s, 
crust and is an essential constituent of living 
matter. It occurs in nature in the form of phosphates. 
The minerals rich in phosphates include apatite 
3|Ca3(lX),)al. Ca(F, Cl)„ collophane Ca,(P()»)u. C-'tCO,. 
monazite (Ce, Nd. Pr, La) W)i.| 4-Th;,(l^,),|. iriplite 
(Fe, Mn)., (PO,)^. (hV, Mn) F..,, and vivianite 
Fc;, (1K),)2. 8H2O. Apatite is the most common 
mineral, though good crystalline deposits are com- 
paratively rare. Varieties of native calcium phosphate 
found in fibrous, compact or earthy masses, often 
iKMlular and more or less impure, are termed phos- 
phorite. Phosphorite is a mineral of great economic 
importance and is extensively used in the manufac- 
ture of su|)erphosphatic fertilizers. Many of the 
impure substances so utilized are not strictly phos- 
phorite hut pass under such names as rock phosphate 
or when nodular, as “coprolite”, even though they 
have little to do with fossilized excreta of animals. 

Apatite (sp. gr., 3.2 : H., 5) is available in two 
varieties, viz. fluor-a|)arite (CaF)Ca,P.,(),a and chlor- 
apatite (CaCl)Ca,P., 0 ,.j. Apatite crystals may he 
colourless and transparent or white and opacpie, hut 
are often coloured, usually some shade of green or 
brown and occasionally violet, sky-blue, or yellow. 
Apatite crystallizes in the hexagonal system in short 
to long prisms terminated by dipyrainids and basal 
pinacoids. Massive, granular, globular, and other 
types are also common. Apatite minerals may be 
fluorc.sceiit or phosphorescent. 

Apatite as small grains is found in nearly all 
igneous and metamorphic rocks, in higli temperature 
hydrothermal veins, and in some iron ores. Pegniatitic 
veins may contain large crystals. Apatite minerals 
constitute the bulk of marine sedimentary phosphate 
rock and fos.sil bones. In marine phosphate rock the 
cryptocrystalline grains of apatite are called collo- 
phane (sp. gr., 2.6-2.9 : H., 2-5). Marine phosphate 
rock contains a small (piantity of uranium possibly 
as a result of uranium replacing calcium in the rock. 
Apatite is soluble in water containing carbonic or 
organic acids and may be the uhimare source of 
various mineral pliosphates (Krishnan, ]. sci. industr. 
Res., 1944-45, 3, 466 ; With India — Raw Materials, I, 
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199; With India — Industrial Products, pt TV, 14; 
j)t VI, yn : Encyclopaedia Britannica, XV, 528 ; 
Mcdiraw-Hill lincyclojK'dia of Science and Techno- 
logy, I, 489; Keriiior, Rcc. geo/. Surv. India, 1921, 
53 , 294). 

Mona/ite (sp. gr., 5.25: II., 5.5) is a mineral 
consisting essentially of phosphates of cerium and few 
other rare earth metals : thorium is usually present. 
It is used as a source of the rare earths and thorium. 
Phosphate is recovered from the monazite (P2O-, 
26-28%) in the Rare Earths Factory at Alwaye, 
in the forin of trisodium phosphate, used in 
textile and chemical industries (With India — Raw 
Materials, VI, 413). 

The phosphates of commerce are mainly derived 
from the phosphatic rocks occurring among the 
sedimentary strata, ranging in age from the 
Cambrian to the Recent. Many of the oceanic islets 
composed of coral limestone have been phosphati/ed 
by the .soluble phosphates washed out of guano by 
rain. The leached guanos and phosphatized rocks 
have been obtained in large (]uantities from many 
islands of the Pacific Ocean (Encyclopaedia Britan- 
nica, XV, 52S : Coggin Brown & Dey, 475). 

The main phosphate producing countries in the 
world are U.S.A., Morocco, Tunisia, U.S.S.R., Algeria 
and U.A.R. The world’s production of rock phos- 
phate during the years, 1964, 1965 and 1966 was: 
69 ,o(X) : 76,000 ; 88,000 thousand tonnes respectively 
(Indian Miner, Yearh,, 1964, 231 ; Staiist. Stinwi, 
Miner, fnd., 1961-66, 290-91). 

Dl.SrRlBUTIO.V 

Andhra Pradesh — Apatite is a universal constituent 
of the rocks of Kodurite .series. Tr occurs in abundance 
at the mangane.se mines of Garbham (18^22': 83^31'), 
Ramabhadraptiram ( i8°3o' : 83^20') and Devada 
(18" 15' 183^38') in Srikakulam. A lens-like de})Osit of 
apatite rock has been locatal on a hill near Sitaram- 
puram in Vishakhapatnam district (Chatterjee, 410; 
Krishnan, /. sei, industr. Res,, 1944-45, 4 ^ 0 - 

Bihar — Workable deposits of apatite (PjO., , 20-29 Vi.) 
are found as veins in the .schists, along the copper 
belt over a distance of 65 km. from Dhadkidih 
(22 ®o6':86''o 6') in Seraikela to Khejiirdari (22^24': 
86°34') in Singhbhum, and extend in Mayurbhanj 
district of Orissa. The belt is divided into three main 
sections: (t) from Nandup on Seraikela Iwrder to 
Chandar Burn, (11) Pathergora, and (Hi) from Badia 
to Sungri and Khejiirdari. The apatite rock near 
Chandar Bum represents an average apapte-chlorite- 


magnetite rock ; at Pathergora, it is particularly high 
in iron, grading to iron ore : the apatite at Badia is 
similar to Chandar Bum rock, and some of the veins 
at Sungri contain white coloured apatite free from 
magnetite and chlorite (Indian Miner, Yearh,, i960, 
57 ; 1964. 324). 

The mica-peridotite dikes occurring in the coal 
fields of IMhar and West Bengal sometimes contain 
lo-ii per cent apatite in the rock. Large masses of 
triplite occur in mica mine situated about 3 km. to 
the south-east of Singar (24”34' : 85°33') in Gaya 
(Krishnan, /. .sc/, industr. Res,, 1944-^5, 3 , 466 : 
Chatterjee, 410). 

Gujarat — ^Apatite occurs in manganiferous rocks at 
Jothvad (22*^23' :73°47') in Panch Mahals : in .several 
of them it constitutes almost a (jiiarter or a third of 
the rock. NckIuIcs of triplite are found in the gneissic 
terrain near Dohad (22"52':74°i6') (Chatterjee, 410). 

Madras — Phosphatic nodules, light yellow to buff 
in colour, occur over an area of 30 .s(|. km. in Creta- 
ceous rocks in Timchchirappalli district, l^hosphatic 
deposits a.ssociated with sandy shales have also been 
recorded in South Arcot district and Pondicherry 
near Tiiltipattu and Akasampattu villages (Indian 
Miner, Yearh,, i960, 57), 

Other States — In Uttar Pradesh, low to medium 
grade phosphorite deposits (P2O:., 5-34%) occur in a 
liand of shale overlying the Mussoorie limestone. The 
deposits may extend to c. 650 km. Prospecting work in 
Chamsari and Paritihba areas has given promising 
results. The phosphorite deposits located at Jaisahner 
in Rajasthan, though of higher grade (P.2O. . 15-35?'.), 
appear to be less wide.spread. I..arge deposits have 
l>een reported on eastern and western coasts of India. 
Vivian ite was ob.served in Sih.sagar district of Assam 
and at Jamalpur in West Bengal. Vivianite and 
collo|)hane occur in Karewas of Kashmir. Occurrence 
of triplite has been recorded in abandoned mica 
(juarries near Tihari and Sanod in Ajmer, and at 
Rewar in Nagaur [Chatterjee, 410, ^12; Chetn, 
Weekly, 1964-65, 9(38), 8 ; 1966 67, 11(22), 12 ; 
Krishnan, Rec, geo/. Surv, India, 1941, 76(4), i8|. 

Rk.skrvk.s 

The total estimated reserves of phosphate deposits 
in India are tentatively placed at 8.9 million tonnes ; 
according to the Geological Survey of India, the 
reserves are as follows : Timchchirappalli (phosphatic 
nodules), 8.00; Vishakhapatnam (apatite), 0.17 ; and 
Singhbhum (apatite), 0.70 million tonnes. 

Detailed proving operations in Timchchirappalli 


30 



PHOSPHATIC MINERALS 


district and elsewhere by the (ieological Survey of 
India arc ex|)ected to substantially enhance the total 
reserves of this important raw material (Indian 
Miner. Yearb., i960, 57 ; 1962, 162 ; 1964. 224). 

Mining and Bknkficiation 

The deposits of apatite and rock phosphate, due to 
their mode of occurrence as lenses, veins and beds, 
show a great deal of variation in thickness and lateral 
extension. They are worked by open-cut methods, 
and because of their erratic nature the w'ork is rather 
hazardous. Underground mining has been carried 
out in rocky mountain region of Idaho (U.S.A.). 
Lump phosphate and coarse materials of high grade 
arc merely crushed and sizxd for marketing. The 
unconsolkiated material is usually of low grade and 
reejuires disintegration, washing and screening, and 
in many cases treatment and concentration by flota- 
tion methods. 

Apatite and rock phosphate have been mined in 
Singhhhum and Vishakhapatnam and also at Tiruch- 
chirappalli. The 1 \C)., content of the material mined 
over the years i960 64 varied in the case of 
Singhhhum deposits from 12 to 23 [)er cent and from 
30 to 42 per cent in the case of Vishakhapatnam 
deposits, ft was 22 -25 1’iruchchirappalli 

deposits during i960: no production has been 
recorded from this area after this period. The phos- 
phates obtained from these mines contain a number 
of impurities. In the phosphatic nodules of Tinich- 
chirappalli, the calcium phosphate and calcium 
carbonate are so intimately mixed that it is a problem 
to separate them. Trials carried out by the Geological 
Survey of India showed that the flotation process 
was not economical for concentration of this ore. 
Kxperiinetus conducted at the National Metallurgical 
Laboratory, Jamshedpur, itidicated that apatite 
deposits of Bihar cati he upgraded by magtietic .sepa- 
ration of magnetite contained in the mineral. Further 
studies are necessary for developing economical 
processes to heneficiate rock phosphates occurring in 
various parrs of the country (Indian Miner, Yearh., 
i960, 57 ; 1961, 135 : 1962, 162 ; 1963, 198 ; 1964, 225 ; 
Banerjee & Narayanan, /. sci. industr. Res.. 1955, 
I4B9 242). 

Uses, Conscmpiion and Spegikiga’iions 

Superphosphate fertilizer industry is the im|)ortant 
consumer of phos|)hates. The industry generally 
prefers rock |)hosphate containing a minimum of 
70 per cent BFL (basic pho.sphate of lime), though 


rock phosphate of 63-65 per cent Bl'L is also being 
used ; PjO. content in the mineral should he at least 
27 per cent. Iron and aluminium content should he 
as low as possible because it unnecessarily rai.ses the 
consumption of sulphuric acid. Silica content should 
also he restricted to the minimum. However, the 
presence of CaCX)., (up to 10%) is regarded useful as 
it makes the phosphate rock more porous and spongy. 

Apatite and rock jihosphates are also used for ilie 
maniifactiire of phosphoric acid and elemental phos- 
phoni.s. The Indian Iron & Steel C'o., Burnpiir, utilizes 
the entire production of apatite from its mines in 
Singhhhum district for the production of high phos- 
phorus pig iron, retpiired for spun-pipe and for other 
casting purposes. Other uses of phosphate salts are 
in ceramics, pharmaceuticals, textiles, soap making, 
purification of sugarcane juice, dental cements, fire- 
proofing and decolourizing and lining of leather in 
tanning industry. 

The fertilizer manufacturing units in the country 
use imported rock phosphate, and their consumption 
during 1962, 1963 and 1964 was: 258,470: 392,925: 
and 450.340 tonnes respectively (fndian Miner. 
Yearb.. 1962, 164; 1964, 22S). 

PKODl’CriON AND TkADE 

Singhhhum di.strict of Bihar is the principal rock 
phosphate producing area in the country. Smaller 
(|uantities are produced in Andhra l^railesh. Some 
rock phosphate was mined in Madras State during 
1959 and i960, hut after that no production has been 
reported. The Stalewi.se production of rock phos- 
phate.s, during 1963-67. is given in Table i. 1'he out- 
put has markedly rlecreased during recent years 
mainly due to dwindling production in Bihar. 

The indigenous production meets only a fraction 
of the national re(|uirement of rock phosphate.sv With 
the expansion of superphosphate industry, the 
imports of rock phosphate have shown an upward 


TABI.K l-STATEWISE PRODUCTION OF ROCK PHOSPHATE 
(INCLUDING APATITE)* 

(Qty ill tonnes) 



I90A 

1904 

I90.S 

1900 

1907 

Andlirii Pnidcsli 

1,277 

047 

972 

2.95A 

6,520 

Hihar 

U.S50 

.1,402 

0,104 

l.t,A22 

5,111 

'POTU, 

IA,I27 

4,049 

7,070 

16,275 

11,651 


* /w/iViM A/imit. Yctirh., I%4, 226; \fon. tUiU. Mimr. Shilist. 
& Inform.. IW», 6(M&I2), 1:20; 1967, 7(IIA:I2), t:IS. 
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TABI.B, 2— IMPORTS OF ROCK PHOSPHATE 


Year 

Qty 

(tlioiisaiul toiiiu's) 

Val. 

(million Its.) 

l%0 61 

25.t.84 

21.75 

1961 62 

25.1.% 

22.96 

1962 6.? 

.t(l5.89 

25.98 

I96.t 64 

.t36.77 

27.59 

1964 65 

426.31 

37.44 

1965 66 

565.69 

.55.61 

1966 67 

753.73 

1 13.86 


trend (1 able 2). The bulk of imports is obtained from 
Jordan, Morocco, Tunisia and U.A.R. ; small ijiian 
tities are supplied by Netherlands, Norway, U.S.A. 
U.K. and Spain. 

Phosphorite — sir Phosphatic Minerals 

PHRAGMITES Trin. {Cramincav) 

A genus of tall perennial grasses widely distributed 
in the temperate and tropical regions. Two species 
occur in India. 

*P. communis Trin. Common Rkkd 

D.E.R. VI(i), 215 ; C.R, 777 : FI. Br. Jnd., VII. 303. 

Punjab — damhiL 

A coarse reed, with thick creeping rbi/oine, found 
in marshes and on the banks of lakes and streams in 
the Himalayas from Kashmir to Kumaun. up to an 
altitude of 4,(X)o m. Stems erect, up to 3 m. high, 
sioiii, hollow : leaves linear-lanceolate, 45-60 cm. x 
1. 3-4.0 cm. : panicles purple-brown, slightly flattened, 
15 -45 cm. long: grains oblong. 

The reed is useful in the inamd'actiire of pulps for 
rayon and paper. It contains over 50 per cent cellulose 
and has a fibre 0.8-3.0 mm. long and 5.0-30.5 /a in 
diameter. The yield of bleached pulp by scwla proce.ss, 
at 151^’ for 5 hours, was 39 per cent from the stalks 
and 33 per cent from whole reed. Trials have shown 
that chemical pulps from P, commiiuis can be used 
alone or blended with chemical wood pulps, for 
making fine book and newsprint papers. Kraft pulps 
have also been obtained from the stalks and whole 
reeds, in yields of 48.4 per cent and 46.7 per cent 
respectively. It has been recommended that for 
making viscose or printing paper pulp, only .stalks 
should be used. Viscose pulps suitable for rayon 

* Some authors consider P. communis TViii. and P. ktirka T’rin 
rx Stcud. as synonymous. In that rase, the latter name has 
precedence over the former. 


manufacture have been prepared from the stalks 
using a prehydrolysis-sulphatc process which faci- 
litates the reduction of ash content to a minimum ; 
the resultant yarns compared favourably in mecha- 
nical and chemical properties to commercial woocj- 
piilp rayon. P, communis is also useful in the produc- 
tion of homogeneous boards of good strength. It can 
be processed into a fine fibrous material suitable as 
a filling material in upholstery. The flowering stalks 
yield a fibre suitable for rope making {BulL imp. Inst., 
Loud., 1935, 33 , 421 ; Chem. Abstr., 1947, 41 , 858; 
1959, 53 , 14515, 20791 ; 1949. 43 , 398 ; 1957, 51 , 13392 ; 
1948, 42 , 9198). 

P. communis is used for thatching and for making 
partitions, fences, coarse mats, baskets, sandals, etc. 
'rhin stems are made into pens and the panicles arc 
used for making brooms and for flecorative purposes. 
This reed spreads rapidly by creeping rhizomes ; it 
has long roots and is very useful as a soil binder. At 
some places, it has been reported to become a trouble- 
some weed ; grazing of the young growth by cattle 
for about 2 years has been suggested as a ctmtrol 
measure (Brown, 1941, I, 165: Burkill, 11 , 1716; 
Hubbard, 323 : Biol. Abstr., 1949, *^59)* 

The young shoots are eaten as vegetable in parts of 
Russia, China and Japan. The stalks exude a manna- 
like sweet gum which is eaten. The rhizomes and 
roots are also edible. The rhizomes are rich in carbo- 
hydrate.s. In Kirghizia (U.S.S.R.), they are reported 
to be dug up, washed, dried and grounil to be used 
as supplement to flour. They contain: moisture. 5.3 ; 
nitrogenous substances, 5.2 : fat, 0.9 : N.-frce extr., 
50.8 : crude fibre, 32.0 : sucrose, 5.1 : reducing sugars, 
i.i : and ash (rich in silica), 5.8%. Asparagine 
(o iV;,) is also present. P, communis is rich in 
pentosans and may be used for the production of 
furfural : nodes and .sheaths yield 6.6 per cent and 
the underground parts over 13 per cent of furfural. 
The pento.san content increa.ses throughout the grow- 
ing period and is maximum in the mature reed. 
The reed can be used also for the preparation of 
absolute alcohol, feed yeast and lactic acid 
(Vykhodtsev Nikitina, Trudy biol. Inst., Frunze, 
1947, 1 , I ; Mansfeld, 489 : Hedrick, 430 ; Uphof, 
276; Wehmer, f, 83 : Chem. Abstr., 1959, 53, 13291 ; 
1958, 52 , 4177 : 1962, 56 , 1775 : 1962, 57 , 2466 ; 1949. 
43 , 9501). 

The reed when young is eaten by cattle and is 
largely collected for fodder purposes. Analysis of the 
young grass from Jammu gave the following values 
(dry basis): protein, 11.4; ether extr., 2.3; carlw)- 
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hydrates, 43.1; crude fibre, 31.05; mineral matter 
(with high silica content), 10.8 ; calcium (CaO), 0.94 ; 
and phosphorus (PaO.,), 0.397^1 (Chopra et al, Indian 
J. agric, ScL, 1956, 26 , 415 ; Wehmer, T, 83). 

P. communis is used in medicine, especially in East 
Asia ; it is reported to be employed in rheumatic 
complaints. Rhizomes and roots possess anti-emetic, 
diuretic and diaphoretic properties and are used in 
diabetes (Hocking, 169 ; Hoppe, 664). 

The reed is reported to contain a wax and a 
saponin. Flowers dye mordanted wool to a green 
shade. Leaves have a high ascorbic acid content 
(200 mg./ioo g.) (Warth, 231 ; Hocking, 169; Perkin 
& Everest, 634 ; Chem, Ahstr., 1936, 30 , 1840). 

P. karka Trin. ex Steud. syn. P. roxhurghii (Kunth) 
Steiid. ; P. maxima Blatter & McCann in part. 

D.E.P., VI(i), 216 ; C.P., 777 ; FI. Br. Ind., VII, 304. 

Hindi — Narkul ; Bi-ing. — Nal ; Mar. — Nala ; Cuj. — 
Nali, nairi ; Tkl. — Nagasvaramu, maitantos ; Tam. - 
Pcrunanal ; Kan. — Hulugilu ; Mal. — Nalam, 

nannana ; Oriya — Nolo. 

Punjab Nara, nal, hagnarri ; Garhwat. — Bichhra ; 
Kumaun — Karka, klmila, khailuwa. 

A tall reed, with thick creeping rhizome, found in 
marshy places and along banks of lakes and streams 
throughout India, ascending up to 1,300 m. in the 
Himalayas. Stems erect, up to 6 m. high, stout, 
hollow, close-jointed : leaves linear-lanceolate, up to 
62 cm. long and 4 cm. broad ; panicles up to 60 cm. 
long, brownish ; grains oblong. The reed is common 
in many parts of India. An average annual output 
of c. 174,000 tonnes (dry wt.) is estimated from 
Nowgong and Sibsagar forest divisions of Assam 
(Information from Director of Industries, Assam). 

The reed on analysis gave the following values 
(oven dry basis): pentosans, 22.5; lignin, 25.7; 
cellidose, 55.2 ; and ash, 3.i‘,o« Laboratory and pilot 
plant trials carried out at the Forest Research 
Institute, Dehra Dun, have shown that digestion of 
the reed by the soda or the sulphate process using 
22 per cent of chemicals (based on oven dry raw 
material) at 153-62” for 6 hours, gives pulps suitable 
for the manufacture of writing and printing papers. 
The yield of bleached pulps is c. 40 per cent. The 
pulps are, however, short-fibred (length, 0.5-3.2 mm., 
diam., 6.6-19.8 fi) and have to he mixed with long- 
fibred pulps such as those from sahai grass {Eulaliopsis 
hinata) or bamboos. The reed stalks have been 
suggested as a potential source of rayon pulp. They 
can also be processed to yield chip boards of satis- 


factory quality. The reed is stated to be suitable as 
a raw material for the production of furfural (yield, 
c. 7% on dry basis) (Bhat & Virmani, Indian For., 
1952, 78 , 127; Latif, Pakist. J. Sci., 1964, 16 , 286; 
Narayanamurti & Jain, Res. & Ind., 1963, 8, 4 ; I^)db 
& Rao, /. Instn Chem. India, 1963, 35 , 48). 

Like P. communis, this reed is also employed for 
thatching and for making mats, baskets, chairs, 
fences, fish traps, etc. The culms arc also used for 
hookah pipes, flutes, and pens ; the panicles are used 
for brooms. The flowering stalks yield a fii^re suit- 
able for cordage (Burkill, TI, 1716 ; Haines, V, 952). 

The reed when young is eaten by cattle. Analysis 
of the young grass from Kashmir gave the following 
values (dry basis): protein, 6.6; ether extr., i.i ; 
carbohydrates, 43.6; crude fibre, 41.7; mineral 
matter, 6.5 ; calcium (CaO), 0.33 ; and phosphorus 
(PaO..), 0.18% (Chopra el al., Indian J. agric. Sci., 
1956, 26 , 415). 

P. karka is not discriminated from P. communis for 
medicinal uses ; the roots are reported to be used also 




Hot. Surv. India. Photo : M. /I. Rati 

FIG. IS-PHRAGMITES KARKA-FLOATING CLUMPS 
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for fractured boiips (Tiwari, Indian For,, 1955, SI, 
191). 

PHRYNIUM Willd. (Marantaceae) 

FI. Br. Ind., VI, 258 ; Holttuin, Gdns* Bull, 1950- 
51, 13 , 279. 

A small genus of herbs with creeping rootstocks 
distributed in India and South-East Asia. Some of 
the species assigned to this genus are now placed 
elsewhere. Probably 3 or 4 species occur in Intlia. 

P, capitatnm Willd. syn. P, malaccense Ridl. 
(Bknc;. — Kudali ; Li^shai — Hnalhial), a perennial 
herb with tuberous rootstocks, large radical leaves, 
30-45 cm. X 15-24 cm., and purple flowers is found in 
the eastern Himalayas, North Bengal, Assam, Bihar, 
Orissa and further south from Konkan to Travancore. 
It occurs along shady drains and in swampy ground. 

In Java, the leaves are used for wrapping parcels. 
In Indo-China and tropical China, the leaves are 
wrapped around articles of food, prior to boiling, to 
impart colour and flavour. They are also used to 
serve food and for thatching |Burkill, II, 1716; 
Hedrick, 430 ; Carter & Carter, Rcc, hot, Surv. India, 
1921, 6(9), 365]. 

Phrynium dichotomum — sec Clinogyne 
Phyla — see Lippia 

PHYLLAGATHIS Blume (Mclastomataceae) 

A small genus of herbaceous shrubs distributed in 
South-East Asia. One species occurs in India. 

P. rotundifolia Blume is a small shrub, 30-60 cm. 
high, with roundish plaited leaves and pink or 
reddish flowers reported to be found in the 
Andamans. A decoction of leaves and roots is used 
in Malaya in malaria and for fevers in children ; a 
decoction of leaves is given in stomach-ache. TTic 
roots, pounded with betel, are given as a tonic after 
childbirth (Burkill, II, 1717 ; Burkill & Ilanilf, Gdns^ 
Bull, 1929-30, 6, 203). 

PHYLLANTHUS Linn. (Etiphorbiaceae) 

A genus of herbs or undershrubs chiefly distributed 
in tropical and sub-tropical regions of the world. 
About 24 species occur wild in India, and some 
omamental exotics are planted in gardens. 

A numl)er of species mentioned in FI. Br. Ind. have 
been transferred to Cicca, Emhlica, Kirganclia, 
Prosortis and Reidia, Recently, a revision of the 
genus, particularly of the West Indian species, has 
been made and some of the above mentioned genera 


have been placed back in the genus and ranked as 
sub-genera. The genus, as circumscribed in the present 
account, includes only species of the sul>genus 
PItyllanthus (Webster, /. Arnold Arbor,, 1956, 37 , i, 
91. 217, 340 ; 1957, 38 , 51, 170, 295 ; 1958. 39 , 49, 1 1 1). 

P. fraternus Webster syn, P, nirtiri Hook. f. (FI. Br. 
Ind.), non Linn.* 

D.E.P., VI(i), 222 ; FI. Br. Ind., V, 298 ; Webster, 
/. Arnold Arbor., hjsTs 38 , 309. 

San.s. — Bhumyamalaki, hahupatri ; Hindi — 

Jaramla, jatifrli amli, hliuinanvalali, hhonyabali ; 
Bknc;. -Bhui anila, sadahazur-mani ; Mar. — Bhui~ 
vali ; Guj. — Blionya anmali ; Tkl. — Nela usirika ; 
Tam. — Keela nelli ; Kan. — Nela nelli, kiranelli gida ; 
Mal. — Kizlia nelli ; Okiya — Bhui aola, badianla, 

Delhi — Dhadhnn, tnokh, nunki ; Bihar — Mui koa, 
kantara, piri kantara, mui ara. 

A herb, up to 60 cm. in height, occurring as a 
winter weed throughout the hotter parts of India, 
particularly on cultivated land. Stem angular ; leaves 
distichous elliptic-oblong, or linear-oblong ; flowers 
axillary, yellowish, greenish or whitish, male flowers 
1-3, females solitary ; capsules depressed-globose, 
smooth, scarcely lobed ; seeds 3-gonous, pale brown, 
longitudinally ribbed. 

P, fraternus is native probably to West Pakistan 
and western India and has been introduced into 
Africa and the West Indies, lis closest relative is 
P. debilis Klein ex Willd. The two species, though 
appearing distinct, are considered to be two allo- 
patric sub-species of a single species, which inter- 
breed where they come together. As evidence of this, 
it is reported that specimens more or less interme- 
diate between P. fraternus and P. debilis have been 
observed in Bengal. P. fraternus seems to occupy a 
range chiefly in West Pakistan and north-western 
India (Punjab and Uttar Pradesh), while P. debilis 
appears to be mainly distributed from Bombay and 
Madras south to Ceylon, and also in Sikkim and 
Bhutan (Webster, /. Arnold Arbor., 1957, 38 , 295). 

The herb is bitter in taste, and is reported to possess 
astringent, dcobstruent, stomachic, diuretic, febri- 
fugal and antiseptic properties. It is used in stomach 
troubles such as dyspepsia, colic, diarrhoea and 
dysentery, and is also employed in dropsy and 
diseases of urinogenital system. Fresh roots are said 

• P. niruri Linn, has liccn consistently misinterpreted l>y various 
authors and for a discussion rcgtirding its true identity and 
delimitation, reference mav be made to Webster, /. Arnold Arbor,, 
1956 , 37 , 1 ; 1957 , 38 , 295 . 
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to be beneficial in jaundice. They are taken with milk 
as a galactagogue. In Rajasthan, the roots arc used 
for treating camels suffering from digestive troubles. 
A decoction of the leaves is used as a refrigerant for 
the scalp. Leaves and roots are made into a poultice 
with rice water for application on oedematous swel- 
lings and ulcers. The latex is also applied to offensive 
sores and ulcers, and mixed with oil it is used in 
ophthalmia (Dalziel, 157 ; Nadkarni, I, 948 ; Kirt. & 
Basil, III, 2226 ; Chopra. 1958, 595 : Van Steenis- 
Kruseman, B«//. f^rg. set. Res. Indonesia, No. 18, 
1953. 23 ; Cains, /. Bombay nat. Hist. Sac., 1938-39, 
40,304). 

The dried leaves contain 0.4 per cent of a toxic 
bitter principle, phyllanthin (C2,H2207. m-P* 97 " 98 °). 
traces of a tasteless substance, hypophyllanthin 
(CnJIaaO,., m.p. 129-30°) and about 5 per cent of a 
colourless wax (m.p. 80° ; acid val., 17 ; and sap. val., 
92) made up mostly of esters (85?/)) of long chain 
fatty acids and alcohols, free fatty acids and hydro- 
carbons. Phyllanthin is toxic to fish and frog. In frogs 


it causes depigmentation of the skin, but the colour 
is regained after about 20 hours. The leaves are rich 
in potassium (0.83%, fresh basis) which is consi- 
dered responsible for their powerful diuretic effect 
(Krishnamurti & Seshadri, Proc. Indian Acad. Sci., 
1946, 24 A, 357 ; Wchmer, II, 669 ; Van Stcenis- 
Kniseman, loc. cit.). 

Stem contains saponin. A decoction of the stem 
and leaves dyes cotton black ; sometimes it is substi- 
tuted for ink. Alcoholic extracts of leaves and roots 
show antibacterial activity against Micrococcus 
pyogenes var. aureus and Escherichia coli (Kalaw & 
Sacay, Philipp. Agric., 1925, 14 , 421 ; Burkill, II, 1719 ; 
George et al, J. sci. indust r. Res., 1947, 6B, 42). 

P. maderaspatensis Linn. 

D.E.P., VI(i), 221 ; FI. Br. Ind., V. 292 : Kirt. & 
Basil, PI. 859A. 

Hindi & Guj. — Kanocha, hazarmani, ranavali ; 
Tkl. Nalla usirike ; Tam. — Mela nclli. 

An erect or decumbent herb or sometimes an 
iindershrub, 30-90 cm. high, occurring throughout 
the drier parts of India. Leaves ovate or obovate- 
cuneate ; flowers in axillary clusters : capsules 
depressed-globose, 3-lobcd or shallowly 6-lobed ; seeds 
triangular, grey muriculate, prettily marked with 
dark brown lines. 

An infusion of the leaves is used in headache. The 
seeds possess laxative, carminative and diuretic pro- 
perties (Kirt. & Basil, III, 2223). 

The dried seeds on extraction with light petroleum 
gave 8.1 per cent of a clear deep yellow oil of a 
characteristic odour anil having the following charac- 
teristics: sp. gr.’’^", 0.7912: 1.4770; acid val., 

13.44; val. (Ilanus), 95.6; and 

unsapon. matter, The fairy acid composition 

(saturated, 10.2 and unsaturated, 89.8%) revealed the 
presence of myristic, palmitic, stearic, oleic, linoleic, 
and linolenic acids. jS-Sitosterol and a substance 
(CjoHjftO, m.p. 72°) have been identified in the iin- 
.saponifiable matter (Bhakuni, /. sci. industr. Res., 
1959, 18B, 446). 

The defatted seeds yield 15.3 per cent of a dirty- 
white fibrous mucilage which turns brown on long 
exposure to air and, on hydrolysis with 2N-sulphuric 
acid, yields galactose, arahinose and rham'nose, and 
aldobionic acid. The presence of a reddish brown 
colouring matter, madcrin (CadlaoO,, m.p. 29(v 91° ; 
yield 0.36%) and an essential oil has also been report- 
ed in the seeds (Bhakuni, loc. cit. ; Bhakuni & Joshi, 
Proc. nat. Acad. Sci. India, 1959, 28 A, 34). 
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P. simplex Rctz. 

D.E.P., VI(i)/223; FI. Br. Ind., V, 295; Kirt. & 
Basu, PL 860. 

Mar. — Bhiuavfili, tnotihliuiavali ; Cuj. — Moti- 

hhonymnwali ; Tel. — Uchclii usirika. 

Assam — Boti bahri; Santal — Tanda meral ; Bihar 
— Blitiin aoura, At? xcl anra, ote meral. 

A herb or an imdcrshrub, sometimes prostrate or 
ascending, found throughout India. I^eaves distich- 
ous, linear-oblong to obovatc : flowers minute, 
brownish purple : capsules depressed-globose, slightly 
3-lobed. crust aceous, very dark brown. 

The plant is said to have antiseptic properties, and 
the fresh leaves, bruised in buttermilk, arc used as a 
wash for itch. In the Philippines, the juice of the 
leaves is employed in eye diseases. Fresh leaves, 
flowers and fruits with cumin .seeds and sugar arc 
used ill gonorrhoea. A preparation of the root is 
applied to mammary abscesses (Chopra, 1958, 598 ; 
Fox, Philipp. J. Sci., 1952, 81 , 217 ; Kirt. & Basu, III, 
2225). 

Fruits contain oxalic acid (Kalyankar ct al. Curr. 
Sci., 1952, 21 , 220). 

P. urinaria Linn. 

n.E.P., VI(i), 224; FI. Br. Ind., V, 293; Webster, 
/. Arnold Arbor., 1957, 38 , 170. 

Hi.vdi — Labbhuin anvalah, hazar mani; Beng.— 
Ilazar mani ; Mar. — Lai mundajanvali ; Guj. — 
Kharsadabonyaanmali ; Tel. — Erra uririka ; Tam. — 
ShivappH keela nelli ; Kax. — Kempu nela nelli ; 
Mal. — Chirukizhtika nelli, chuvannakizha nelli ; 
Oriya — Bhuinanla. 

BniAR- -Muikantara. 

A diffusely branched herb, met with as a weed of 
cultivated areas throughout India. 1 -ieaves distich- 
ously imbricate, oblong or linear-oblong ; flowers 
minute, yellowish ; capsules globose, .scarcely lobed, 
cebinate ; .seeds transversely furrowed. 

The plant is used medicinally in the same way as 
P. jraternus, often as a substitute for it. It is consi- 
dered to be an excellent diuretic. The leaves are eaten 
by cattle. The juice of the leaves is given in coconut 
milk as an appetizer to children (Kirt. & Basu, III, 
2224; Burkill, II, 1719). 

The herb is reported to contain a neutral bitter 
principle and an alkaloid. It is used as a fish poison 
(Chopra et al.y J. Bombay nat. Hist. Soc., 1941-42, 
42 , 888). 

P. lawii Grab. (Mar. — Kati, khad shemi; Tam. — 
Vattii nelli; Mal. — Kuruttu nelli, uri; Bihar — 


Tirsibirsi) is a shrub found in Bihar, Ori.ssa, West 
Bengal and Deccan Peninsula. Its branches are used 
for making baskets. The twig bark of P. polyphyllus 
WillcL, a shrub or a small tree found in the hills of 
Deccan Peninsula, contains 11-16 per cent tannin ; it 
can l)c u.sed for tanning. P. rheedii Wight is a herb or 
an imdcrshrub found in Bihar and hills of southern 
India. It is used by the Miindas in dy.scntcry |Talbot, 
II, 441 ; Edwards et al, Indian For. Rec., N.S., Chem. 
& Minor For. Prod., 1952, 1(2), 153 ; Burkill, II, 1717 ; 
Bressers, 21]. 

Phyllanthus spp. — s^ee Cicca, Emblica, Kirganelia, 
Prosorus, Reidia 

PHYLLCKIHLAMYS Bureau (Moraceae) 

FI. Br. Ind., V, 488. 

A very small genus of shrubs or small trees distri- 
buted from India to Malay Peninsula. One species 
occurs in India. 

P. taxoides Koorders syn. P. spinosa Bureau (Beng. 
— Slieora ; Mar. — Kurrera ; Tei,. — Sukali ; Oriya - 
Jhumpuri ; Mayurbhanj — Putkuli), a small evergeen 
gnarled tree, i. 5-2.4 m. bigb, armed with sharp 
spines and hearing irregularly serrate leaves and 
dioecious flowers, is found in Bihar, Orissa, Deccan, 
South India and the Andaman Islands. The bark of 
the plant is boiled to make a poultice for ulcers ; it is 
burnt and the smoke is inhaled 10 cure cold in the 
head (Burkill, 11 , 1720 ; Burkill & llaniff, Gdtis' Bull, 
1929-30, 6 , 252). 

PHYLLOSTACHYS Sieb. & Zucc. (Gramincae) 

D.E.P., VI(i), 224 ; C.P., 105 : FI. Br. Ind., VII, 386. 

A genus of shrubby or arborescent, ornamental 
bamboos distributed from Assam to Indo-China, 
China and Japan. A number of species are cultivated 
in the warm temperate regions. Three species occur 
in India. 

P. hambusoides Sieb. & Zucc. is a tall bamboo with 
erect or ascending culms, .sometimes up to 20 m. in 
height and 12 cm. in diam., reported to occur in 
Mishmi hills in Assam; it has been successfully 
cultivated in some parts of Himachal Pradesh and 
introduced in Dehra Dun and Darjeeling. 

This is the well known Giant Timber Bamboo of 
China and Japan, where it is much used for making 
printing paper. Sulphate digestion of the bamboo 
gave 38.3 per cent of bleached pulp (av. fibre length, 
1.52 mm. ; av. diam., 13/4) suitable for the production 
of writing and printing papers. Laboratory pulping 
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test on the U.S.A.-grown samples, using (30-50%) 
sodium xylene sulphonate as pulping agent, gave 
41.6 per cent of unbleached and 39.5 per cent of 
bleaclicd pulp. The d-cellulose content of the pulp 
(unbleached, 93.6 and bleached, 92.5%) makes it suit- 
able for the manufacture of rayon without refining. 
The bamboo is of considerable economic importance 
in East Asia and is used for construciing houses, 
bridges, and for making furniture, umljrella handles 
and walking sticks. The young shoots arc eaten as 
vegetable. In China, the roots are considered tonic 
and the sprouts parasiticidal. Tabasheer (hansloclian) 
obtained from the haml)oo is also used in medicine. 
The oral administration of the extract of culms has 
been reported to produce rajiid hyperglycaemia in 
rabbits | Information from F.R.I., Dehra Dun ; Giiha 
& Pant, Indian For,, 1966, 92 , 467 ; /Igm*. Res., 1961, 
1 , 152; Swallen, Ficldiana, Bol., \i)S5* 3 *>'» 

Clicm, Ahstr,, 1941, 35 , 6444 ; 1932, 26 , 5664 : Uphof, 
276 ; Young, Econ. Hot., 1954, 8, 377 ; Cains, /. 
Bombay nat. Hist, Soc., 1935-36, 38 , 540 1 . 

P. assamica Gamble ex Brandis is a caespitose 
bamboo with culms, 10-12 m. in length and up to 
20 cm. in diam., found in Mishmi hills and 
Lakhimpur district in Assam; it is also reported to 
be cultivated near »Sibsagar. P. mannii Gamble is a 
clo.scly related species with culms, 5-6 m. in length 
and 2.5-3.0 cm. in diam., found in Naga and Khasi 
hills, and commonly cultivated in Shillong. The 
stems of both these species can be made into good 
walking slicks (Brandis, 667; FI. A.ssam, V, 55; 
Gamble, 746). 

A number of exotic species of the genus have been 
introduced in Darjeeling. Of these, P. nigra Munro, 
the ornamental Black Bamboo of China and Japan, 
is reported to be growing well. It is useful for cabinet- 
making, interior decoration, umbrella handles and 
paper pulp | Biswas, Rcc. hot. Surv. India, 1940, 5(5), 
443 ; McClure, Agric. Handh, IJ.S. Dcp. Agric., 
No. 1 14, 1957, 46: Burkill, II, 1720]. 

PHYMATODES PresI (Polypodiaccae) 

Beddome, Indian Ferns, 344: FI. Malaya, II, iSS. 

A genus of ferns, distributed throughout the 
tropics of the Old World. Four species have been 
recorded from India. Some autliors include this genus 
under Microsorium. 

P. longissima (Blumc) j. Smith syn. Plcopcltis 
longissima Moore is a fern with creeping rhizome 
found floating in jlieels in Assam and some ravines 
in Orissa. The young fronds taste like bitter al- 


monds and are eaten as a flavouring (Burkill, II, 

*771)- 

nigresevns (Blume) j. Smith syn. Plcopcltis 
nigrcsccns (]arr. is a very handsome fern occurring 
in hilly places of southern India. In Borneo, it is eaten 
(Burkill, II, 1771). 

P. scolopendria (Bunn.) Ching syn. Plcopcltis 
phymatodcs Moore is a fragrant fern, very adaptable 
to rockeries and commonly cultivated in Indian 
gardens. It yields a coumarin-containing volatile oil, 
used for scenting coconut oil. It is also reported to 
contain glycyrrhi/in and a sa|)onin. The young fronds 
are reported to be used in chronic diarrhoea ; in 
Pemba, the fronds are spread on the bed to keep 
olT bed bugs (Burkill, II, 1771 : Gildemeister 
Hoffmann, fV, 23 ; Quisumbing, 66 : Williams, 259). 

PHYSALIS I iinn. {Solanaccac) 

A genus of herbaceous annuals or j)erennials, 
mostly natives of tropical North and South America, 
with a few species widely distributed in the warmer 
parts of the world. Some species are grown for their 
edible fruits. One or two species occur wild in India, 
while three others are cultivated. 

P. alkekengi Linn. Strawbkrky 1 b.\iAro, Winikr 
ClIKRHV 

Bailey, 1947, III, 2608; Waterfall, Rliodora, 1958, 
60 , 128. 

A diffuse perennial, with glabrous or slightly pube- 
scent stems, whitish flowers and reddish fruits, 
4-12 cm. long, with blood-red, inflated calyx, often 
grown as an ornamental plant. It is considered to be 
a native of the region extending from Japan to South 
East Europe and is naturalized in many countries. 
Its occurrence in India, though not definite, is not 
improbable. 

The berries are very juicy and have an acidulous 
bitter taste. 'Fhe fruits as well as leaves contain an 
amorphous bitter principle. The fruits contain also 
vitamin (", a carotenoid pigment (physalieii), and 
probably an alkaloid. They are reported to be 
diuretic, febrifuge, hydragogue and vermifuge 
(Chopra, Nayar & Chopra, 19 1 ; U.S.D., 1947, 1551 *, 
Steinmclz, I. 26: Wren, 324; Hoppe, 665: Parsa, 
Qualit. Plant. Mat. Fcg., i960, 7 , 90). 

P. ixocarpa Brot. ex Hornem. 'roMAiiLLO, 

Mexican (Mayan) Husk Tomaix) 

Bailey, 1947, III, 2608 ; Mansfeld, Zuclitcr, 1954, 
24 , I, Fig. I. 

A glabrous annual, i. 0-1.3 *‘‘ll» of 
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Mexico and Guatemala, hrouglii into cultivation 
some two to thfee decades ago for its fruits. Leaves 
lanceolate to ovate, toothed ; flowers yellow ; fruit 
calyx 2-3 cm. long, yellowish, purple veined and 
entirely filled hy the large, round, purplish violet, 
sticky berry and sometimes torn open hy it. 

This species has recently been introduced into this 
country. It is said to he highly variable, differing in 
such characters as day light rei|uireinent, length of 
sepals, texture of flesh and taste of fruit. The strain 
introduced into cultivation is said to he a low spread- 
ing semi-|)rosirate plant with round, yellow, slightly 
aromatic fruits 2.5-6.0 cm. in diameter. The flesh of 
tlie fruit is light yellow when ripe, firm and mildly 
acid in flavour |Melhus & Smith, loxva Fm Sci., 19^3, 
7(,.). ,5l. 

The tomalillo has been found to perform well both 
in the summer as well as winter seasons. June and 
Ocioher-Decemher are said to be suitable months for 
raising the crop. The methods of cultivation are 
similar to that of tomato. The seeds arc very small 
(wt., 1.3 '1.6 g./thousand) and c. 150 g. is enough to 
raise seedlings for a hectare. Seeds are sown in raised 
beds and 3-wcek old seedlings are transplanted. In 
Rajasthan, the plants liegin to bear fruits in about 
6-10 weeks, and continue for about six weeks ; they 
give 3-4 flushes at intervals of a month. Each plant 
may hear up to 150 -200 fruits, each of which may 
weigh about 30 g. Daily picking is necessary as the 
fruits drop immediately after they ripen. The yield 
per hectare may be i7,fXJO-22.57o kg. | Venkalaratnam, 
Indian Hart,, *95^-57* 1 ( 3 )» ^ J Bhargava ct aL, ibid., 
1962-63, 7(4), 31 ; Mclhus & Smith, loc. cit.|. 

The lomatillo is said to he a very hardy plant and 
is subject to few diseases and pests. Stem and fruit 
borers are said sometimes to attack the crop during 
heavy rains, hut the winter crop is said to be free. 
Application of 5 per cent BHC has proved effective 
in controlling the fruit borer (Vcnkataratnain, loc. 
cit. ; Bhargava ct al., loc. cit.). 

The fruits are acid sweet and can be eaten raw like 
tomatoes or as salad : they can he made into curry, 
pickles and soup : they can also he made into an 
attractive jam. Analysis of a sample of fruits from 
Coonoor gave the following values: moisture, 91.7; 
protein, 0.7 ; far (ether exlr.), 0.6 : carbohydrates, 
5.H ; crude fibre, 0.6 ; and mineral matter, 0.6% ; 
carotene (as vitamin A), 80 I.U. ; thiamine, 0.054 ; 
riboflavin, 0.023; nicotinic acid, 2.1; and ascorbic 
acid. 2 mg./ 100 g. The mineral constituents in the 
fruit are (mg./i(X) g.): calcium, 7; magncsiuni, 23; 


phosphorus, 40 ; phytin phosphorus, 7: iron. 1.4; 
ionisable iron, i.o; sodium, 0.4; potassium, 243; 
copper, 0.09 ; sulphur, 27 ; and chloride, 14 ; acid-basc 
balance (ml, of N/io alkali), 38 (Balasuhramanian ct 
aL, Indian J. med. Res., 1962, 50, 779 ; Vcnkataratnain, 
loc. cit. : Melhiis & Smitli, loc. cit.). 

P. minima Linn. 

D.E.P., VI(i). 224 ; FI. Br. hid., IV. 238. 

Hindi — Tulati pali ; Benc;. — Ran tipariya ; Mak. — 
Chirhoti, dlian mori ; Guj. — Rarpoti, popti ; Tki..- 
Kupanti, hndda hndama ; Tam. -Tholtakkali ; 
Kan. — Guddv liannu ; Mal. — Njodi njottu, 

A herliaceous pubescent annual, 15-30 cm. high, 
distributed nearly throughout India and ascending 
up to 2.3fx> m. lA*aves ovate, shallowly toothed or 
lohed ; flowers solitary, clear yellow ; berry 8-12 mm. 
in diam., round, green, many seeded, entirely en- 
closed in the enlarged membranous calyx, whicli 
may be 5- or sometimes lo-ribbed. 

The plant is a common weed of irrigated fields aiul 
bunds and is very variable. In P. minima var. indiea 
C. B. Clarke, the leaves and fruiting calyx are more, 
glabre.sceiit and the latter is distinctly 5-angular. 
P. angulata Linn, is sometimes confused with this 
species, but may be distinguished by its bluish 
anthers. It is said to occur as weed in cultivated 
grounds. 

P. minima is reported to be a collateral host to the 
strain of Xanthomonas vcsicatoria Dowson which 
infects the chilli (Capsicum frutcscctis). It is also sub- 
ject to Xanthomonas physalidis Srinivasan (Srinivasan 
ct al., Proc. Indian Acad. Set., 1962, 56B, 93). 

The fruits and leaves are reported to be edible. In 
parts of Africa, the fruits are used for preserves. The 
fruits are considered to he tonic, diuretic and 
purgative. The leaves and roots are used for medicinal 
purpo.ses. The fruits of P. minima var. indiea are said 
to form an ingredient in a medicinal oil given for 
spleen di.sorders (Dalziel, 432 ; Sampson, Kew Bull., 
Add! Srr., No. Xlf, 1936, 140; Kirt, & Basil, III, 
1767 ; Burkill, II, 1720 ; Qiiisumbing, 851 ; Rama Rao, 

285)- 

Leaf, stem and immature fruits show a positive 
test for alkaloids (Webb, Bull. sci. industr. Res. Org. 
Aust., No. 268, 1952, 93). 

P. peruviana Linn. Cape Gooskiiekky 
D.E.P., VI(i), 225 ; FI. Br. Ind., IV, 238. 

Hindi — Tipari; Beng. — Tipariya; Mar. — Phopti; 
Guj. — Moti popti ; Tel. — Btuldahasara ; Tam.— 
Tholthakkali ; Kan. — Gudde liannu. 
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Punjab & Dkliii — Rasbiiary, mcwar rashhcrry ; 
Maharashtra — Chirput, cliirhotiy tankari. 

An crccr branching, densely villous perennial, 
native of tropical America, introduced into India and 
other counlries and grown both in the plains and 
hills. Leaves ovate acuminate ; flowers with live 
large |)urple spots near the base within ; l)crry 
gloi)Ose, 2-3 cm. diam., enclosed in the inflated 
calyx. 

'Fhe plant is widely grown in India for its edible 
fruits ; the chief source of commercial supply is 
reported to be Uttar Pradesh, Rajasthan and Punjah ; 
other localities reported are. Poona. Coonoor and 
Arakii Valley (Andhra Pradesh). Tt is frequently 
found wild as an escape from cultivation |Naik, 362 ; 
Pandit ct aL, Indiati Fd Packer, i960, 14(4), *^1- 

The climatic and soil reijuiremcnts of the cape 
gooseberry are said to be similar to those of the 
tomato. The plant favours a warm weather prefer- 
ably with good rains during the growth period, but 
a comparatively drier weather is essential at the time 
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of maturing of fruits. It is said to thrive in varying 
types of soil ranging from sandy loam to laterite. 
The seeds are small and .seedlings are planted when 
they are about 15-20 cm. high. Planting is best done 
in September^ October. Propagation through one year 
old shoot cuttings treated with Seradix B, is said to 
have given 37.7 per cent rooting, the most suitable 
period being March-July. Plants raised from rooted 
cuttings are said to flower earlier and yielil more, but 
.seedlings are .said to be more vigorous ilian cuttings 
(Khan 6 c Gowder, S. Induni //or/., 1955. 3, 104 ; 
Kuppuswami, ibid., 1954, 2, 25). 

'Fhe plants can l)e grown pure or as an intercrop 
in orchards. A ba.sal dressing of about 2.25 kg. of 
compost or farmyard manure given to each pit at the 
time of planting is sullicienr. Trials at Coonoor have 
shown that increa.sed application of manure together 
with irrigation in dry weather result in the improve- 
ment of fruit si/e and yield (Naik, 362 : Khan & 
Gowder, loc. cit.). 

Cape gooseberry is said to be subject to very few 
pests or disea.ses. A mosaic disease caused by a strain 
of the tobacco mosaic virus has been reported from 
commercial plantations near Poona. Affected leaves 
and fruits are shed. The disease is spread by contact. 
Cutworms, which may attack the crop in its early 
stages, may be controlled by application of o.r per 
cent DDT. Mites which may cause defoliation arc 
controlled by regular use of wettai)le sulphur as 
sprays (Khan & Gowder, loc. cit. ; Capoor & Sharina, 
Indian Phytopath,, 1965, 18, 58). 

The crop matures in about three months after 
transplanting. In South India, the first picking la.sts 
from January to April ; then the bushes put forth 
new blossom in May and a second picking is possible 
from July to September. In North India, the fruits 
are available from January to April, the peak period 
being February to March. Maturity of the berries is 
indicated by change of colour of the calyx from green 
to pale brown or yellowish orange. Fallen berries are 
said to be more uniform in maturity than handpicked 
ones. The yield of fruits per plain is said to be about 

2- 4 kg., the yield per hectare as a rainfed intercrop 
being 1,650-2,225 kg. : as a pure crop the yield may 
go up to a maximum of 33,6(X7 kg. per hectare (Naik. 
362 ; Khan & Gowder, loc. cit. : Pandit ct ai, loc. cit. ; 
Ramasomayajulu, S. Indian Hort., 1953-54, 1, 145). 

As an intercrop the duration of the crop is one 
year, while as a pure crop it can be extended up to 

3- 4 years, after which it becomes uneconomical 
(Khan & Gowder, loc. cit. ; Naik, 362). 
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The fruits are pleasantly acidic with a good flavour 
and are relished as a table fruit. Analysis of the 
edible portion (87%) of the fruits gave: moisture, 
82.9; protein, 1.8; fat, 0.2; carbohydrates, ii.i; 
fibre, 3.2: and mineral matter, 0.8%; calcium, 10; 
magnesium, 31 : phosphorus, 67 ; phytin phosphorus, 
18; iron, 2.0: ionisable iron, 0.9; sodium, 0.9; 
potassium, 320: copper, 0.19; and sulphur, 43 mg./ 
100 g. : acid-base balance (ml. of N/ 10 alkali), 39. 
The fruits are a gooil source of carotene and as- 
corbic acid. They contain: carotene (as vitamin A), 
2,380 I.U. : tliiainine, 0.05 : riboflavin, 0.02 ; nico- 
tinic acid, 0.3: and ascorbic acid, 49 mg./ 100 g. 
Ascorbic acid content varies with maturity of the 
fruits ; unripe fruits from Uttar Pradesh contained 
36.5 49.8 mg. and ripe fruits 48.6 53.8 nig./ux) g. 
of ascorbic acid. The presence of a bioflavonoid 
(possibly kaempferol) is reported in the fresh fruit 
(Khan & Gowder, loc. cit. ; Nutritive Value of 
Indian Foods, 67, 103, 133 : Sinha, Indian /. ajypL 
Clinn., 1959, 22 , 32 : Ganju & Puri. Indian /. med. 
Res., 1959, 47 , 563). 

A fairly large quantity of gooseberries is reported 
to he used for making jam in India (Information 
from Messrs Kissan Products Ltd., Bareilly). 

The juice from the ripe fruits contains consider- 
able quantity of pectin. The filtered juice (d“', 1.053) 
gave file following chemical composition : total 
solids, 14.4 : total ash (mainly potassium and sodium 
carbonates), 0.97 ; total acidity (as anhydrous citric 
acid), 2.2 : free glucose, 4.4 : and total invert sugars 
after hydrolysis, 16.97%. The chief acid is citric acid, 
hut malic and tartaric acids are also present (1^1, 
Proc. nal. Acad. Sci, India, 1936, 6 , 309 ; Winton & 
Winion, If, 423). 

Seeds (c. of the weight of husk-free fresh ripe 
fruits) on extraction with benzene gave 6.3 per cent 
of a serni-drying and tasteless fatty oil of a pale 
yellow colour. The oil had the following constants: 
sp. gr. , 0.881 ; Irtlf" , -0.38° ; acid val., 39.1 ; sap. 
val., 179.6 ; iod. val., 120.5 ; acet. val., 41.58 ; Hehncr 
val., 93.4 ; and unsapon. matter, 0.4%. The fatly add 
composition showed : palmitic, 6.6 : stearic, 5.4 ; 
arachidic, o.i : oleic, 42.4: and linoleic acid, 37.5%. 
The alcr)hoIic extract of the seeds contains an 
amorphous saponin and glucose (Gupta & T^wtl, Proc, 
nal. Acad. Sci. India, 1937, * 30 « 

The husk of the fruits has a bitter taste. It contains 
a mixture of potassium chloride and potassium 
citrate (0.15%), a phytosicrol (C27ll440.Ha0, m,p. 
132®), a hitter amorphous glucoside (C4r,HoftO,g, m.p. 


100-02°), trace of a pungent alkaloid, tannins and 
phlobaphencs (Lai, Proc. nat. Acad. Sci. India, 1938, 

*• 59 )- 

licaf contains chlorogenic acid. Leaf infusion is 
used in abdominal disorders. The heated leaf is 
applied as a poultice (CItem. Abstr., 1948, 42 , 4649; 
Kirt. & Basil, III, 1769). 

P. virginiana Mill. var. sonorae (Torr.) Waterfall 
syn. P. longi folia Nutt., a native of America, is 
reported to have been introduced and naturalized in 
the coastal parts of Andhra Pradesh, Maharashtra 
and Gujarat and also in Kerala and Punjab (Santapaii 
et ah, ]. Bombay nal. Hisl. Soc., 1961, 58 , 550). 

Physic Nut — see Jatropha 

PHYSOCHLAINA C. Don (Solanaceae) 

A small genus of herbs distributed in Central Asia. 
One species occurs in India. 

P. praealta (G. Don) Miers 

I).E.P., VI(i), 226 : FI. Br. Ind., IV. 244 ; Kirt. & 
Basil, PI. 687C. 

PiJ.NjAB - 5 /io/rtr, bajar^bang, nandru, dandarwa ; 
Lahul Laltang ; Ladakh — Lang lhang. 

An erect, nearly glabrous perennial herb 60- 
150 cm. high, fouiul in Lahul valley (Punjab), 
Ladakh, North Kashmir and western Tibet at 
altitudes of 3,300-4.650 in. Leaves irregular, ovate- 
oblong, wavy : flowers greenish, campanulatc, in 
terminal corymbose cymes ; capsules 2-celled ; seeds 
many, scrobiculaie-reticulate. 

P. praealta grows wild and in abundance in Ladakh 
and I^ihul. The plant constitutes an excellent source 
of atropine which, at present, is being imported from 
abroad. As the plant grows in Ladakh at high 
altitudes (3,300 m.), its exploitation becomes uneco- 
nomical because of high cost of collection and tran.s- 
portation. In Lahul sub-division, the plant occurs 
commonly as a weed on boundaries of fields and 
roadsides. The plant flowers in June, and seeds 
mature in Septemher-Octoher after which the aerial 
portions die. The plant remains dormant under the 
snow and sprouts out next spring. Being a perennial, 
leaves can be gathered more than once in a year. 
I.*eaves should be collected when plants arc in full 
bloom towards the end of June and spread open in 
thin layers for drying in the sun. It is estimated that 
nearly 15 tonnes of dried leaves can be gathered 
annually from Lahul, if systematically collected. The 
plant can be successfully grown by transplanting 
seedlings raised from seeds sown in March. Experi- 


40 



PHYSOSTIGMA 



FIG. 18— PHYSOCIILAINA PKAFALTA— FI.OWFRING BRANCH 


mental cultivation at Srinagar (i,joo m.) showed that 
the plant did not attain the full size of its natural 
habitat in l^adakh and Lahiil and the growth was 
rather stunted (Chopra, /. sci, indusir. Res,, 1952 , 11 A, 
241 ; Kapoor ct al„ ibid., 1953, 12A, 315 ; Sarin et (d,, 
Indian For,, 1963, 89, 6,0). 

Tlie pharmacological activity of tlie plant is due 
to the j^resence of hyoscyainine. The leaves arc a good 
source of hyoscyainine for subset|iient conversion 
into atropine : raccini/ation of hyoscyaminc with 
alkalies yields atropine. The dried leaves collected 
from plants growing in I^eh (Ladakh) contain over 
1.0 per cent alkaloids, mainly hyoscyainine and 
minor amount of hyoscine ; fairly large amounts of 
potassium salts are also present. The alkaloidal 
content of the leaves of the plant from Lahul has 
been found to he 0.88 per cent, calculated as hyoscya- 
minc. The alkaloidal yield from the leaves from 
Srinagar was low (0.16-0.24% in the first and 0.74% 
in the second year) compared to.that obtained from 
plants growing in T.adakh and Lahul. Roots of the 


plants contain 0.64 per cent alkaloids (calculated as 
hyoscyamine) and about 8 per cent sucrose (Chojira 
et al.. Res, & Ind,, 1956, 1, 106 : Manda et aL^ J, sci. 
industr. Res,, 1951 » • Ilaiida, ibid., 1951. 

lOB, 234 ; flanda & Channa, ibid., 1952, IIB, 505 ; 
Sarin et al., loc. cit. ; Kapoor et al., loc. cit.). 

The leaves of the jdant are narcotic and possess 
mydriatic properties causing dilatation of the pupil 
of the eye. as belladonna. 'I’he leaves arc also said to 
be poisonous : the head and throat are affected when 
they arc eaten, and the mouth swells when touched 
by leaves, 'fhe leaves are applied to boils. Seeds are 
used by local people as vermifuge to expel round- 
worms, and as an emetic in bilious attack (Kirt. & 
Basil, III, 1793; Chopra et al., Hull, nat, Inst. Sci. 
India, No. 4. 1955, 25). 

The leaves are harvested and dried as winter fodder 
for livestock, hut they are considered poisonous to 
man, horses and ponies. Some [dants develop black 
fungal growth (sclerotia) on the stem and are said to 
he highly poisonous to all types f)f animals (Chopra 
et al., Bull. nat. Inst, Sci. India, No. 1955, 25 ; 
Ahrol & Chopra. Curr. Sci., 1962. 31 , 324). 

PHYSOSTIGMA Balf. (Leguminosae ; Papilionaceae) 

A very small genus of climbers distributed in 
tropical Africa. P. venenosum, the source of Calabar 
Bean u.sed in medicine, does not occur in India, but 
is reported to have been introduced. The chief .source 
of supply is said to be Sierra Leone. 

P. venenosum Balf. Cai.abar Bkax, Okdkal Bkax 

Irvine, 1961. 402, Fig. 85. 

A climber, woody at base, 6 m. or more high, 
indigenous to West Africa. Its ctiltivation may be 
iriecl in the plains of South India on the hanks of 
streams near sea coast and in the Nilgiris, and several 
other States. Leaves irifoliolate : lealleis <wate, 
acuminate : flowers purple, shell-shaped, in axillary 
drooping racemes: fruits 15 cm. xj cm., narrowed 
at ends, yellowish brown : seeds few, ellipsoid, over 
2.5 cm. long, one side nearly straight, the other 
grooved by ilepressed hiliim (Nayar & Chopra, 39). 

Calabar beans are odourless with starchy taste at 
first and acrid afterwards. The beans are extremely 
poisonous causing paralysis of lower limbs and death 
by asphyxia, and in large doses, paralysis of the heart. 
They were formerly used in Calabar as an ordeal 
poison and so their cultivation and sale was forbidden 
in the African territories. Tlie poi.sonous principle in 
the seed is destroyed by boiling and scorching the 
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seed (U.S.D., 1955, 1054 ; Dalzicl. 256 ; Irvine, 1961, 
402). 

The dried seeds contain 0.18-0.25 per cent of 
alkaloids, mainly physostigmine (cserine ; 5-ethoxy- 
1 :3-dimethyl-3-ethyl-2-indolinolone, C,.r,IIa,OaNa ; 
in.p. 86-87^ and 105-06°, the latter form being more 
staiile), with minor amounts of related alkaloids. By 
selective cultivation, it is possible to increase the 
alkaloid content. Physostigmine is the active principle 
of the drug and its salicylate (m.p., 184-87°) is oflicial 
in I.P. and B.P. Phy.sostigmine salicylate is used 
mainly in ophthalmology to reduce intraocular 
tension in glaucoma and to correct the dilatation of 
the pupil caused by mydriatics. It has been used in 
post-operative distension and atony of the intestines 
or urinary bladder, and in tetanus, strychnine and 
atropin poisoning. In the treatment of myasthenia 
gravis, it has been largely replaced by neostigmine. 
It is also useful as an antispasmodic in rheumatoid 
arthritis, fihrositis and bursitis. It is often u.sed in 
veterinary medicine for colic in horses (Henry, 539- 
48; Sinha, /. Imtn Chem, India, 1959, 31 , 21 1; 
u.s.n., 1955, 1055-56; I.P., 478; B.P., 1963, 613; 
B.P.C., 1963. 620 ; B.V.C., 283). 

The beans arc iKsed in Africa for killing mice ; the 
beans, crushed and mixed with palm oil, are used as 
a remedy for lice. The crushed seeds are used for 
local applications in parasitic skin diseases (Dalziel, 
256; Irvine, 1961, 404). 

The stems of the plant are split into layers and 
used as mats for drying cocoa. Leaves yield a black 
dye used to dye wood black (Irvine, 1961, 402). 

PHYTELEPHAS Ruiz 6 c Pav. (Palmae) 

Blatter, 546, PI. CIV & CV. 

A very small genus of stemless or low-stemmed 
palms, native to South America. One species, Phytele- 
pluts macrocarpa Ruiz & Pav. (Ivory Nut Palm, 
Tagua Pai.m), a .slow growing, dioecious palm with 
handsome, pinnate leaves, is cultivated in .some 
gardens in India. It hears a bunch of 6-7 fruits, each 
fruit containing 6-9 seeds, about the size of a hen’s 

The young and maturing endosperm of the seed is 
sweet and edible. When mature, the endosperm 
becomes horny and has the appearance of ivory and 
is used as a substitute for the latter in the manufac- 
ture of buttons, toys and other fancy article.s. Its 
tissue is said to take dye well. The refuse from turnery 
can he utilized as animal feed. The endosperm con- 
tains 60 per cent mannan and on hydrolysis provides 


a good source of mannose. The pale brownish cover- 
ing enclosing the seeds yields 35-38 per cent of an 
edible oil of semi-solid consistency (Acosta-Solis, 
Econ, Rot,, 1948, 2 , 46 ; Hill, 240 ; Burkill, II, 1722 ; 
Winton & Winton, II, 386-88 ; Whistler & Smart, 
152 : Oilar, /. Amer. Oil Chem. Soc., 1954, 31 , 
142). 

The apical cone is eaten as a cabbage. Tlie leaves 
are used for thatching and fibres of the spathe for 
making ropes. The roots are used medicinally 
(Acosta-Solis, loc. cit.). 

PHYTOLACCA Linn. (Phylolavcaccae) 

A genus of herbs and shrubs, sometimes climbers, 
or rarely trees, distributed in the tropical and .sub- 
tropical regions. The genus is chiefly confined to 
America with a few species occurring in Africa and 
Asia ; several ornamental species arc cultivated in 
Europe and elsewhere. Four species occur in India. 

P. acinosa Roxb. Sweri* Bei.i.adoxna, Indian Poke 
D.E.P., VI(i), 226; FI. Br. Ind., V, 21 in part; 
Coventry. Ser. I, PI. XLI. 

Hindi — Matazor, sarangim, 

Kashmir — Luhar sag ; Punjab — Luhar, rinsag ; 
Kumaun — Jarak, jirrag; Assam — Jaiong, 

A succulent, robust, perennial herb, up to 1.5 m. 
high, occurring l)oth in a wild and cultivated stale 
in the temperate Himalayas from Kashmir to 
Bhutan and in the hills of As.sam at altitudes of 
I ,otx>-3,(x)o m. Leaves elliptic-ovate or lanceolate ; 
flowers whitish, greenish or pinkish in opposite or 
terminal racemes ; fruit purple or black, consisting 
of c, 10 singlc-.seedcd, nearly free carpels ; seeds 
kidney shaped, blue-black. 

Tender leaves and twigs arc cooked as vegetable. 
The herb is believed to have a narcotic effect, which 
is destroyed on boiling. The fruit is occasionally 
eaten and used as a flavouring. It is not uncommon 
for the local people to mistake Atropa acuminata 
(Indian Belladonna) for P. acinosa, resulting in 
serious food poisoning ; for the same rea.son roots 
and leaves of P. acitiosa have been found mixed in 
belladonna consignments exported from India 
(Hedrick, 434 ; Chaudhri, Pakist. J, Sci., 1957, 9 , i ; 
Khanna & Atal, /. Pharm., Lond., i960, 12, 365). 

Seed kernels gave a yellow fatty oil having the 
following values: sp. gr.*'*', 0.915; 1.4713; sap. 

val., 186; iod. val., 105; and umsapon. matter, 1.5- 
2.0%. The fatty acid composition shows 8 per cent 
of saturated and 92 per cent of unsaturated acids. A 
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toxic principle phytolacca-toxin, rcsciiihling picro- 
roxin, is isolated from the seeds (Mensier, 446). 

P, dioica Linn., a shrub or a tree with drooping 
racemes of white flowers and purple fruits, is a native 
of South America. It has been introduced in some of 
the Indian gardens, and is met with as an escape in 
the Nilgiri and Kodaikanal hills. The tree grows 
rapidly, attaining a lieight of 15 m. or more, and is 
useful both for sh.ide and ornament. In Queensland, 
its leaves are used as fodder in limes of drought. The 
leaves contain saponins and their infusion acts as a 
purgative. Two glycosides, rutin and dimethyl rutin, 
have been isolated from the leaves. Dimethyl rutin 
has high tinctorial properties and dyes wool in 
different shades of yellow. The fruit is said to be 
poisonous. The wood contains tannin (Jl PuhU imp, 
agric. Bur., No. 10, 1947, la ; Webb, Bull. Cotoi. sci. 
hidustr. Res. Aust., No. 232, 194S, 126 ; Chem. Abslr., 
>2376 ; 1955, 49, 309 ; 1951, 45, 614 ; Record 
& Hess, 425 ; Watt & Rreyer-Brandwijk, 836). 

Piassava — see Raphia 

PICEA A. Dietr. (Pinaceac) 

A genus of tall, evergreen trees, commonly known 
as Spruce, distributed in the temperate and cooler 
regions of the northern hemisphere from the Arctic 
circle to the high mountains of warm temperate 
regions. Three species occur wild in India, and tw'o 
exotics are being acclimatized in the western 
Himalayas. 

Many of the spruces yiekl light and soft woods, 
which arc elastic and possess a high strength /weight 
ratio. P. (ibies Karst, syn. P. exxclsa Tank (Ki’ropkan 
Si*rix:k, Norway Si»ruc:k) is an important timber tree 
and pul|)wood of Europe ; P. sitchensis Carr. (Sitka 
Sprit:k) is a very useful limber tree of the north- 
western coast of North America ; P. smitliiana Boiss. 
is a good source of timber in the western Himalayas ; 
and P. (isperla Mast., widely distributed in western 
China, is the Asian counterpart of the European 
spruce (Streets, 448-65). 

The applications of the spruce woods arc numerous 
including light interior construction work, mill-work, 
cooperage, rough furniture, and match-lM)xes. The 
woods of many Picca spp. are resonant, and are used 
for musical instruments, such as sounding boards of 
pianos and bodies of violins. Paper and fabric pulps 
arc also manufactured from spruce woods. Waste 
from spruce woods may provide material for the 
production of synthetic rubber. Spruces arc also 


valued for ornamental purposes ; hundreds of them 
arc felled during Christmas for use as Christmas-trees 
(Hill, 95 ; Dallimore & Jackson, 3S4 ; Sci. Nezes Lett., 
Wash., 1950, 58, 165). 

P. smithiana Boiss. syn. P. morimla Link: Abies 
smitliiana Lindl. West Himai.ayan Spruce 

D.E.P., I, 3: VI(i), 227 in part ; FI. Br. Ind., V, 
653 in part : 'I'roup, III. iMg. 477 80. 

N. W. Himai./\yas — Rai, ran, re, riar^ kaclial, 
hachhlu, salla, tos ; Jacnsar, Gariiwal & Kcmaun — 
Roi^ rhai. ragha, kathcla, kandre, morimla. 

Trade — Spruce. 

A very tall tree, reaching up to 60 m. or more in 
height and 7 m. in girth, but usually nuich smaller, 
found in the Himalayas from Kashmir to Kumaiin 
at altitudes of 2,fX)o-3,5o:) m., descending to about 
i.5(X) m. in some localities. In close forests, the trees 
have a clean bole up to 21 m.. inil more often they 
bear branches from about 9 m. upwards. Branches 
whorled, spreading or drooping, with slender pendu- 
lous branchlets : bark brownish grey, furrowed. 



FIG. 19 -PICEA SMl lHAlANA-FRUniNU HKANCll 
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exfoliating in small scales ; leaves dark green, spread- 
ing all round the shoots, incurved, needle-like, 2.5- 
3.8 cm. long, with peg-like leaf bases, 4-sided, persist- 
ing in parr for a number of years ; male flowers 
monoecious, axillary, calkin-like, greenish yellow, 
elongating considerably after sheilding the pollen; 
female cones solitary terminal, ripe cones cylindric- 
ovoid, 10.0 15.0 cm. X 2. 5-5.0 cm. or more, dark 
brown, pendent from the ends of the branches ; 
seeds ovoid, 4-5 mm. long, dark brown with obliquely 
spathulate 10 15 mm. long wing. 

Although a gregarious tree, it is seldom found 
pure over large areas, ft is associated with Abies 
pindrozv, Cnlrus dcodara and Pinus uudlichiatuty and 
a number of broad-leaved trees, such as Acsculus 
indiat, Jnglmis rcguif Primus cornuta, and species of 
Qurreus and Acer, Jr occurs on various geological 
formations, the most common being mica schist, 
shale, gneiss and limestone. Climatically, it belongs 
to cool temperate regions of the Himalayas with a 
heavy snowfall and a total annual precipitation of 
100-250 cm. ; the maximum shade temperature in its 
natural habitat seldom reaches 32° (q^^F). Owing to 
its pendulous branchlets, spruce is not so subject to 
snow-breaks as deodar or blue pine. The spruce 
recpiires certain amount of shade in the early stages, 
but once established, complete overhead light is 
necessary for optimum development. Jt has a more 
or less superficial root system, and is not wind-firm 
(Troup, HI, 1144, 1147). 

Natural regeneration -it takes place through the 
seeds, which get dispersed in October-November 
when the cones ripen ; the cones take six months 
after pollination to ripen, 'flic trees begin to bear 
cones from the age of about 20 years, moderate sized 
trees, 1.02.5 girth, bearing the maximum 

niimlxT of cones. Kach cone yields about 3<x) seeds, 
l^ven though good seed-years occur after compara- 
tively long intervals of 3-4 years, quite a good 
(|uantiiy of seed is produced in other years. The seeds 
begin to germinate during June-July of the follow- 
ing year, the germination period continuing up to 
September. The chief ref|uiremcnrs for successful 
regeneration, in addition to abundance of overhead 
liglu are: (i) recently exposed mineral soil, (iV) protec- 
tion from recurring fires, indiscriminate grazing, and 
desic cating effect of the sun, and (Hi) freedom from 
dense weed growth. l"ire plays havoc in a spruce 
forest, hut in regenerative operations it also plays a 
useful role in preparing the ground for germination 
of the seeds by consuming the debris and raw liumus ; 



in the spruce forests the ground vegetation is gene- 
rally very dense and the seeds often fail to reach the 
soil. The germination percentage is about 42 (Troup, 
III, 1148-49; Kaiishik, Indian For,, 1954, . 80 , 78; 
Gamble, 717). 

Under natural conditions an average annual height- 
growth of about 2.5 cm. for the first five years is usual, 
the growth thereafter increasing to about 5.0-7.5 cm. 
per annum for a few years. Ring countings have 
indicated an annual girth increment of 1.3-1.5 cm. 
(Troup, HI, 1147 : Gamble, 717). 

Artificial regeneration — ^The spruce may be grown 
either by direct sowing or by transplanting nur.sery- 
grown .seedlings. Fresh seeds are sown in the nursery 
in October-November. Germination commences 
towards the end of the following May or in June and 
cemtinues during July-August. Germination per- 
centage of seeds is 76, as the drought factor is elimi- 
nated. The seedlings are pricked out in the nursery 
when two years old and planted out at site at the age 
of three or four years, care being taken to avoid 
injury to the roots and their exposure to the sun. The 
plants to lx: transplanted are bundled together and 
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TABLE 1-GROWTH IN GIRTH AND HEIGHT OF P. SMITHIANA* 


Age in years 
(from seed) 

Mean girth 
(cm.) 

Mean height 
(111.) 

8 

7.11 

0.85 

10 

8..18 

1.07 

12 

9.70 

1.31 

14 

11.68 

1.62 

16 

13.72 

1.98 

18 

. . 

2.38 

20 


2.89 


♦ rroup, III, 1151. 


their roots covered with damp moss. The nursery- 
grown seedlings show a yearly average height-growth 
of 5.0-7.5 cm. during the first few years. In other 
countries, dehudding of young plants has proved 
useful in producing knot-free timber. Measurements 
of growth in girth and height, made at different times 
in plantations at Jaunsar, are given in Table i (Troup, 
III, 1147, 1 150-51 ; Kaushik, loc, cit. ; Indian For., 
1953, 78 , 358). 

Diseases and Pests — A large numher of fungal 
diseases and insect pests have been recorded on 
spruce, hut detailed surveys regarding the extent of 
damage they cause in forests have not been carried 
out. Among fungi causing rot or decay are Armillaria 
mcllca Quei. ami species of Collyhia, Fames, Lenzites, 
Mcrulius, Polyporus, Polystictus, Poria, Stereum and 
Trametes, whereas needle rust is caused by species 
of Chrysotnyxa and Peridermiuni. Among insects, 
species of Calocliromus, Dryocoetes, Pityo^rnies, 
Polygraphus and Xenominietes bore into the hark or 
fallen wood, and those of Eucosma and Euzopliera 
into the cones. Adelges (Dryfusia) himalayensis 
Slehb. syn. Chermes ahietis-piceae Stehh., an aphid, 
causes malformation of needles into gall-like pseudo- 
cones which contain these insects instead of ovules 
and should not he confoundeil with catkins and 
cones |Troiip, Ilf, 1146, 1148: Bagchee & Ujagar 
Singh, Indian For. Rec., N.S., MycoL, 1954, 1 , 276 ; 
Mathur & fialwant Singh, Indian For. Bull., N.S., 
No. 171(7), 1959, 26]. 

Silvicultural management of the spruce has been 
linked with that of the Himalayan silver fir, its most 
common associate under “fir forests”, which arc 
generally worked by selection system. The two species, 
however, differ widely in their ecological and silvi- 
cultural characters to be linked together and it has 


Ijcen suggested that the Punjah shelterwood com- 
partment system tvhich permits modification in 
principles of regidar or shelterwood compartment 
system would he suitable f«>r pure or ilominantly 
spruce forests. For fuel purposes spruce trees of about 
40 years of age with a girth of al)oiit 0.9 m. may be 
felled, hut for procuring timber as well as fuel the 
exploitable age of the trees is about kx) years, when 
they have a girth of about 1.9 m. For timber purposes, 
therefore, a rotation of too 120 y^**'U's is needed, 
although it is reported that in actual working a period 
of 80-90 years will he more useful and hasten the 
replacement (Kaushik, loc. cit.; Catnhie, 717). 

Spruce is one of the most useful timber trees of 
the western Himalayas. Kashmir has the most exten- 
sive spruce forests, and the timber from these areas is 
obtained in the form of sleepers, beams anti logs. 
The timber from Kangra and Kulu forests is floated 
down the river Beas to Dhilwan (Punjah) in the 
form of sleepers. The spruce wood, available in 
the Simla hills, is of good (piality, hut there are 
transportation dilliculties. 'The Kalatope forests, near 
Dalhousie, produce a consitlerahle (piantity of 
timber, most of which is uiili/ed locally. A small 
Cjuantity of timber is also available from Chakrata 
division (U.P.). Spruce forests in the 7 Vhri-(}arhwal 
area arc also a good source of timber, which is 
marketed at Hard war on the bank of tlie Canges, 
and at Jagadhri close to the Yamuna Canal. 'Phe 
timber from Kashmir forests is the cleanest while that 
obtained from Simla (catchment area) gives tin? 
highest strength values. In the timber markets of 
northern India, spruce wood is not discriminated 
from that of the silver fir, woods from both the 
species being marketed under the common name 
Partal. It is, therefore, diflicult to estimate the out- 
turn of each species separately. I lowever, spruce wood 
can be distinguished by tbe presence of resin canals, 
which are absent in the wood of silver fir |Limaye, 
Indian For. Rrc., N.S., LUil., 1942, 2(7), 168; 

ChowTlhury, For. Bull.. Econ. Ser.. No. 84. 1954, 14]. 

Spruce w'ood is white, turning brownish witli age, 
straight- and even-grained, medium line' and cpiite 
even-textured, relatively strong for its weight, stiff, 
soft, and light (av. sp. gr.. n.,j8 : av. wt., 481 kg./ 
cu.m.). There is little dilfereiitialion between .sap- 
wood and heartwood, but in large trees a dull red 
core, fretjuently of con.siderable diameter, may be 
found at the base. This red-wood, simulating the 
heartwood, is of a different character from the white- 
wood. In the past it was thought that the red-wood 
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l)ccomes wateriQgged when floated down the rivers, 
thus considerably diminishing the total out-turn of 
spruce timber. Experiments have, however, shown 
tliat the red-wood (properly dried for 8-io months), 
tliough heavier, has less water absorbing capacity 
than the normal white-wood, and properly dried red- 
wood sleepers can be floated down the rivers like any 
other timber without any extra loss. The red-wood, 
which is simjtly the darker denser material, if taken 
from healthy trees, is in no way inferior to the white- 
wood (Pearson & Brown, II, 1053-54 ; Khan, Indian 
For,, 1919, 45 , 496: Aggarwal, ibid., 1932, 58 , 628; 
ibid., 1927, 53 , 535). 

'llie wood is easy to season, but develops fine long 
splits if exposed to direct sun in the green state. I^gs 
should be converted immediately after felling and 
the material open-stacked well off the ground to 
prevent fungal attack, which is a greater danger than 
seasoning defects. Kiln-drying presents no difficulty ; 
2.5 cm. thick planks take 4-5 days to season and 
recpiire an initial steaming for about 2 hours at 
55°/ 100 per cent R.H. for sterilization and killing the 
mould growth. Spruce wood is not durable in the 
open and moderately so under cover : graveyard tests 
indicated a natural durability of 2-5 years. It is a 
<lifficult wood to treat with preservatives even under 
pressure : incision is necessary for 1.3- 1.9 cm. penetra- 
tion. The wood is easy to saw and work, but (|uitc 
often the presence of an excessive number of large 
knots detracts from its value as a carpentry wood. It 
is not very satisfactory for rotary cut veneer ; the 
fibres tear up along the annual rings during the 
peeling process. It takes varnish well, but darkens 
considerably on ex|>osure. It does not offer any diffi- 
culty in gluing. The data for the comparative suit- 
ability of the timber, expressed as percentage of the 
same properties of teak, are: wt., 70; strength as a 
beam, 65 : stiffness as a beam, 80 ; suitability as a 
post, 70 ; shock-resisting ability, 70 : retention of 
shape, 70 : shear, 75 : and hanlness, 50 (Pearson & 
Brown, 11 , 1055: Trotter, 1944, 149 ; Purushotham 
cl al, Indian For., 1953, 79 , 49 ; Rehman, ibid., 1953, 
79 , 372 : Narayanamiirti, Comp. Wood, 1956, 3 , 51 ; 
Limayc, Indian For. Rec., N.S., Timh. Mech., 1954, 
1 , 56, Sheet No. 15 : IS: 399, 1952, 5). 

The wood is used for planking, general fittings and 
joinery, rough furniture, tea boxes, and packing 
cases ; if is one of the best light boxwoods in India. 
Large (|uantities of timber after treatment are used 
for railway sleepers. The wood is suitable also for 
match-boxes, battery-separators and, after treatment, 
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for fence posts, transmission poles and piles. Al- 
though the wood has not been found to be suitable 
for spars and longerons of the aeroplanes, as knot- 
free long lengths of timber are not available, it is 
equal or sometimes even superior to the siika spruce 
wood for other aircraft items, where small lengths 
arc required. The wood of P. smithiana is also suit- 
able for the manufacture of newsprint and cheap 
printing and writing papers. It contains 47.2-49.4 per 
cent of cellulose and yields a long-fibred pulp (av. 
fibre length, 3.4 mm. ; av. diam., 32/^). The wootl is 
suitable for the preparation of wood meal for certain 
explosives. It is also a good fuel wood (cal. val., 4*967 
cal., 8,941 B.t.u.), and is much in demand for charcoal 
I Pearson & Brown, II, 1055-56; Trotter, 1944, 150; 
Rehman & Jai Kishen, Indian For. Btdl., N.S., 
No. 147, 1950, 16 ; Narayanamiirti, loc. cit. ; /. Timb. 
Dryers' & Pres. /I5.V. India, 1956, 2(3), 16 ; Limayc, 
Indian For. Rec., NS., Util., 1942, 2(7), 171 ; Indian 
For., 1941, 67 , 474 ; 1952, 78 , 349 ; Deshpande, Indian 
Ptdp Pap., 1955-56, 10 , 57 ; Dhingra et al., J. Sci. & 
Technol., 1949, 9 , 94 ; For. Res. India, 1941-42, pt I, 
79 ; Krishna & Ramaswami, Indian For. Bull., NS., 
No. 79, 1932, 21]. 
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The fresh leaves and terminal branches, collected 
in October from the Jubbal hills of Himachal 
Pradesh, gave on steam distillation a pale-yellow 
essential oil (0.21%) with a pleasant odour. It has the 
following physico-chemical characteristics: sp. gr.*‘*, 

O. 8809; . 1.4799; H ,*•",+ 12.5® ; acid val., 11.74; 

ester val., 50.44 ; and ester val. after acetylation, 72.19. 
The oil contains: a-pinene, /-a-phellandrcne, dipen- 
tene, bornyl acetate, cadinene, S-guaiazulene and an 
unidentified bicyclic sesquiterpene. The oil distilled 
from the leaves collected in Gulmarg had an ester 
content of 23.2 per cent (as bornyl acetate) and was 
soluble in all proportions of 90 per cent alcohol. The 
oil of P, smithiana resembles that of the European 
spruce and may be used in pine compositions such 
as hath salts, room sprays and decnlorants. The leaves 
also contain an alkaloid. They arc reported to be 
used as manure and as litter for cattle. They are 
found to he suitable as activators for making saw- 
dust hoards. Bark contains 4.22 per cent tannin. A 
tonne of bark yields about 227 kg. of extract [Rao & 
Sood, Soap Pcrfnm, Cosm., 1962, 35, 527 ; Handa ei 
ai, /. scL industr. Rcs.^ 1957, 16 A( 5 ), suppL, 25 ; 
Chem. Absir., 1956, 50, 13372 ; Narayanamurti et aL, 
Res. & Ind., 1962, 7 , 63 ; Tej Singh ct aL, Indian For., 
1958, 84, J74 ; Bttll. cent. Lcath. Res. Inst., Madras, 
1961-62, 8 , 255]. 

P, brachylyla (Franch.) Pritzel syn. Abies brachy^ 
lyla Franch. is a medium-sized tree, sometimes up to 
30 m. in height, found in the N.E.F.A. area of 
Assam at an altitude of alK)ut 3,5<x) m. The timber 
has been extensively exploited in China, and is 
reported to be used for constructional purposes in 
N.E.F.A. (Sahni, Indian For., 1962, 88 , 748). 

P. spinulosa (Griff.) Henry syn. P. morinda Hook. f. 
(FI. Br. Ind.) in part, non link, Abies spinulosa 
Griff., P. morindoidcs Rehd. (Sikkim Spkuck) is a very 
tall tree, sometimes attaining a height of over 60 m., 
but usually much smaller, found in Sikkim, Bhutan, 
and Mishini hills of Assam at altitudes of 2,400- 
3,300 m. It resembles P. smithiana in general habit 
but differs from it in having flat leaves. The wood is 
very similar in appearance to that of P. smithiana 
hut is said to be harder and heavier. The wood yields 
45 per cent bleached pulp (av. fibre length, 2.8 mm. ; 
av. diam., 27/i), used for writing and printing paper 
(Raizada & Sahni, Indian For. Rec., N.S., Rot., 1958, 
5 , 120; Dallimore & Jackson, 440; Man Mohan 
Singh & Mukherjea, Indian For., 1965, 91, 505). 

The two introduced species are P. abies Karst, and 

P. sitchensis Carr. Experimental trials for introduc- 


tion of P. abies at Manali (alt., 1,890 m.) have 
recorded a fair amount of growth for the last 30 years. 
It is reported that treatment of seeds with strong 
doses (i-ioo mg./l.) of heteroaiixin hastens their 
germination. Besides timber, P. abies also yields an 
oleo-rcsin, which is . purified into the medicinal 
Burgundy Pitch, used as a siimulanr and counter- 
irritant in plasters and ointments. The leaves, twigs, 
buds and cones yield essential oils, used in perfumes 
and cosmetics. The seeds give a fatty oil, employed 
in varnishes. The hark yields tannin (For. Abstr., 
^ 2 , 455; Claus, 1961. 274: U.S.l)., 1947, 
1374; Gildemeister & Hoffmann, IV, 167: Hoppe, 
668 ). 

The trials to introduce P. sitchensis at Kuhi (alt., 
2,500-2,700 m.) have not shown much success. It 
yields the most valuable of all spruce woods, wliich 
has been in great demand for aircraft constrtiction. 
The timber is available in long dimensions ; it is 
possible to have planks up to 12 m. in length 
(Dallimore & Jackson, 435). 

PICRASMA Blume (Simaroubaceae) 

A small genus of trees and shrubs distrihuled in 
tropical and suh-tropical regions. I'liree species occur 
in India. 

P. javanica Blume 

FI. Br. Ind., I, 520. 

Nkpal — Teju ; Assam— Bonposhla, nimtita ; Garo 
— Ror-jagreng ; Mikir Shengdokso ; Naija Aeo ; 
N.E.F.A. — Pntichhal ; Lepciia — Tungchir. 

A moderate-sized tree found in Assam and Khasi 
and Aka hills, Kalahandi (Orissa) and the Andaman 
Islands. Bark thin, dark brown or black, smooth ; 
leaves imparipinnate with oblong, ovale elliptic or 
ohovate-oblong leaflets : flowers polygamous, dull 
white or green, in axillary panicles : frtiir a fleshy 
sub-globo.se drupe, while or black when ripe, shining. 

The bark of the plant is exceedingly bitter and is 
used as a febrifuge. It contains a hitter principle allied 
to quassin. In Java, the leaves arc applied to .sores 
(Burkill, II, 1723; Kirt. & Basu, I, 510 ; Nadkarni, 

1. 952)- 

P. javanica var. nepalensis (Bennett) Badhwar syn. 
P. nepalensis Bennett (Nepal — Tcjit ; Garo— 
Thigisin) is a tree, 6-12 m. high, with elliptic-lanceo- 
late or obovate-oblong leaflets and dull white flowers 
and sub-gIolx)se, black tlrupes, found in Nepal, 
North Bengal and Khasi, Aka and Garo hills in 
Assam. 
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Powdered young leaves and twigs of the plant arc 
reported to be used as larvicidc in Assam (Chopra, 
5S*)- ' 

P. quassioides Bennett 

D.E.P., VI(i), 227 ; FI. Hr. Fnd., I, 520 ; Kirt. & 
Basil, PI. 205. 

Hindi -Bharangi, charangi, kashshing ; Bkng. — 
BliurungL 

Punjab — Haln, pnthorin, titliu : Kumaun — Karjoi; 
Nepal — Slimnaharingi ; K\i\si - Dicng-khlang, 

A large shrub or small tree, attaining a height of 
12 m. and a girth of 1.2 m., found in the suh-tropical 
Himalayas from Jammu to Nepal. Bhutan, and 
Khasi and Naga hills ascending to altitudes of 900-c 
2,5rK) m. Bark liglit brown, rather smooth ; leaves 
imparipinnate : leaflets ovate to lanceolate, serrate;' 
flowers green, in axillary corymbose panicles ; drupes 
about the size of a pea, black when ripe, each con- 
taining one seed. 

The wood of P. quassioides closely resembles com- 
mercial Quassia (Jamaica Quassia from P. excelsa) in 
general appearance, microscopic structure, taste and 
medicinal properties. Tr is official in the I.P. and 
recognized as Quassia and has been recommended as 
an efficient suhstitutc for Jamaica Quassia. The wood 
contains <|uassin, the concentration of bitter prin- 
ciples being 0.31 per cent. In addition, it contains a 
hitter alkaloid (o.o^'V,) and a hitter fluorescent sul> 
stance (o.i5Vm), which act as adjuvants to (juassin and 
enhance the potency of the drug. The wood (wt., 
513 kg./cii.m.) is bright yellow, moderately hard and 
takes polish. It is used in Japan for mosaic work and 
utensils (Chopra, 1958, 218; I.P., 513-14: (i^amhle, 
133 : Uphof, 278). 

The hark and leaves of the plant are used in Punjab 
as a febrifuge and as an insecticide. Leaves arc 
applied to itch. A decoction of hark is used to kill 
flea in cattle (Chopra, 1958, 217-18 ; Kirt. & Basil, 
I, 510; Cheo, Bot, Bull, Acad, sinica, 1947, 1 , 304). 

The fruit is eaten in certain localities. Seeds yield 
a fatty oil (Nigaki Oil) consisting of 23 per cent of 
saturated and 77 per cent of iinsaturatcd (mostly 
petroselinic) acids. A sample of oil obtained from 
seed shells contains palmitic acid as the chief consti- 
tuent. The fruit is used as stomachic. The plant is 
said to he browsed by goats and sheep (Hilditch, 
1956. 219, 249 : Wehmer, suppl., 155 ; Hoppe, 671). 

P, excelsa (Sw.) Planch, syn. Picraena excelsa 
Lindl., a moderate-sized tree, 12-18 m. high, with a 
straight trunk, 60 cm. or more in diain., indigenous 


to the West Indies, is recommended to he grown in 
India for its wood used in medicinal preparations. 
Its cultivation may he tried in the sub-tropical belt 
of the Himalayas from Jammu to Nepal at altitudes 
of 900-1,800 m. Bark smooth, whitish ; leaves pinnate 
with oblong pointed leaflets ; flowx*rs small, greenish 
white, in panicles ; fruit a small, black berry (Nayar 
& Chopra, 39). 

The bitter (piassia, which is the dried stem wood 
of this plant is known in commerce as Jamaica 
Quassia, whereas Quassia amara Linn, (q.v.) furnishes 
the Surinam Quassia of trade. Previously (juassia was 
obtained exclusively from Q, amara ; it has now been 
replaced in England and America by P. excelsa, 
Surinam (|uassia wood is still used in the continental 
Europe. Quassia obtained from both the plants are 
identical in their appearance, structure of wood, 
chemical composition, medicinal and insecticidal 
properties and uses. Quassia occurs as logs, transverse 
slices, chips, raspings or shavings and occasionally in 
billets ; it is pale to bright yellow, light, rather dense 
and tough, hut easily splits longitudinally. It is 
odourless and has an intensely hitter taste (Chopra, 
1958, 218; B.P.C., 1963, 69 o -’9 i : U.S.l)., 1955, 1152; 
Youngken, 507 ; Holman, 133). 

Quassia owes its activity to the presence of hitter 
amaroids, namely quassin, /.vrxjuassin (picrasmin, 
CjaHaKC,;, m.p. 222-25°), neo(|uassin (Cjs2Hfl„0,., 
m.p. 229-31°) ; quassin has been found to he a mole- 
cular complex of the ketone woquassin and the 
alcohol neoquassin. The drug contains up to 0.48 per 
cent of total hitter principles, besides minute (luantity 
of a yellow crystalline alkaloid exhibiting blue 
fluorescence in acidified alcoholic solution. Prelimi- 
nary clinical trials have indicated quassin to be a 
promising substitute for emetine hydrochloride 
(B.P.C., 1963, 690 ; Adams & Whaley, /. Amer, cliem. 
Soc\, 1950, 72 , 375; Chopra, 1958, 218 ; U.S.D., 1955, 
" 53 )- 

Quassia is used as a non-astringent bitter tonic and 
stomachic and, in the form of enema, as an anthel- 
mintic for the expulsion of thread worms. It is given 
in the form of infusion, tincture, extract or fluid 
extract (B.P.C., 1963, 691 ; Wallis, 61 ; Sieinmetz, II, 
371 : U.S.I)., 1955, 1153). 

It is now chiefly used as an insecticide and forms 
an important ingredient in proprietary medicines 
and in “conditioning powders” for domestic animals ; 
it is used in the manufacture of non-poisonous fly- 
papers. It is used as substitute for hops to add bitter- 
ness in the brewing of ale and porter. Quassia wood 
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is said to be used in Jamaica for ceilings, bedsteads 
and presses (Holman, 133). 

Quassia bark obtained from Picrasma cxcelsa and 
Quassia amara is used in medicine and probably 
contains principles similar to those found in (piassia 
wood (Claus, 1961, 157). 

PICRIS Linn. {Compositai^ 

FI. Br. Ind., Ill, 392. 

A genus of annual or j)erennial herbs distributed 
in the Mediterranean region, temperate Kurope, and 
temperate Asia. One species has been recorded in 
India. 

P. hicracioidcs Linn, is an erect coarse herb, 
30-120 cm. Iiigh, with sinuate-toothed radical leaves 
and entire half-amplexicaul caiiline leaves, «md 
numerous terminal heads of bright yellow florets, 
found at altitudes of 1,200-3,000 m. in the temperate 
Himalayas, Khasi hills, western ghats, and Nilgiri 
and Palni hills. 

The plant is used as a pot-herh. In Indo-China, the 
bitter leaves arc used as a febrifuge. The leaves, stem 
and flowers contain probably free triferpenes or 
steroids ; they also show positive tests for alkaloids 
(Hedrick, 435 ; Caius, /. Bombay nat. Hist. Soc., 
1939-40, 41 , ^53 ; Simes ct al., Bull. .set. indusir. Rvs. 
Org. Aust., No. 281, 1959, 14: Wehh, ibid., No. 268, 
*952- 35 )- 

•is 

PICRORHIZA Royle ex Benih. {Scrophidariuccae) 

A small genus of perennial herbs distributed in the 
alpine Himalayas and extending to the mountains of 
Yunnan in China. Two species occur in India. 

P. kurroa Royle ex Beiith. 

D.E.P., VI(i), 228 : FI. Br. Ind., IV, 290 in part ; 
Coventry, Ser. If, PI. XLV. 

San.s. — Katuka, katurohhii ; Hindi & Bknc;. — Kuru, 
kutki ; M\K.—Kutaki ; Gi j . — Kadu ; Tkl., T.vm. 6 l 
M At .. — Kat ukarogani, kad ugti roh ini. 

Kashmir -Kour ; Punjab -Kami. 

A low, more or le.ss hairy perennial herb with an 
elongate, stout, creeping rootstock found in the alpine 
Himalayas from Ka.shmir to Sikkim at altitudes of 
2,700-4,500 m. Leaves almost radical, spathulate, 
sharply serrate : flowers white or pale blue-purple, in a 
dense terminal spicatc raceme ; fruit an ovoid capsule. 

P. kurroa furnishes the drug, Picrorhiza, obtained 
as dried rhizomes and roots : it is used cither as an 
adulterant of or as a substitute for Indian Gentian 
{Genliana kurroo). The common trade and vernacular 
name Kutki is applied to both. A fairly large quantity 


of the drug is collected from various places in the 
north-west and Sikkim Himalayas and exported 
regularly to the plains. The plant may be cultivated 
at higher altitudes in the Himalayas ; it is propagated 
by seeds and rhizomes (Chopra, 1958, 182). 

The drug consists of cylindrical, deep greyish 
brown pieces, usually 3-6 cm. long and 0.5- i.o cm. 
in diameter, longitudinally wrinkled with annula- 
tions at the tip. It is considered to be a valuable bitter 
tonic, almost as etficacious as gentian. It is anti- 
periodic, cholagogue, stomachic, laxative in small 
doses and cathartic in large doses : it is reputed to 
have beneficial action in dropsy. Alcoholic extracts of 
the roots are active against Micrococcus pyogenes var. 
aureus and Escherichia coli (I.P., 479 ; Kirt. & Basil, 
HI, 1826 : Chopra, 1958, 182 : Nadkarni, I, 954 ; Daita 
ik Mukerji, Bull. Pharniacogn. Lab., No. i, 1950, 108 ; 
George et al., J. sci. industr. Res., 1947, 6B, 42). 

The roots of the plant were earlier reported to 
contain large proportion of bitter principles, mainly 
a gliicoside named picrorhizin. According to recent 
work, the following substances arc found in the roots: 
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a gliicosidal bitter principle named kiitkin ()8-i-vanil- 
l()yl-6-cinnamyi-D-glnc()se, C23lIaiO,„.2HaO, m.p. 
211®, yield non-biitcr product (0.5%) named 

kiirrin and later identified as iMiiannitul, vanillic 
acid (o.i*?.,), an alcohol kiitkiol (CnJlnaO, m.p. 118® 
yield 0.06%). and a sterol kutki-stcrol (Ca4H4oO, m.p. 
124”, yield 0.1 SVo). A sest|iiiterpene is reported to be 
the odorous principle of tlic roots. Kutkin is bitter in 
a dilution of i : 7.5(M) (Chopra & Ghosh, Indian /. 
ined. Res,, 1 934 '35. 22, 263 ; Rastogi et ah, /. sci. 
indust r. Res., 1949, 8B, 173; Rastogi & Dhar, ibid., 
1959, 18B, 219 : Rastogi. ibid., 1959, 18B, 522 ; Chem. 
Abstr., 1955. 49, 6977). 

R. serol)hul(iri(iefl()rti Pennell syn. P. kurroa Hook, 
f. (FI. Br. Iiid.) in part non Roylc ex Benth., a herb 
found in eastern Himalayas in Nepal and Sikkim, 
has recently been raised to the staltis of a species. It 
possesses properties similar to those of P. kurroa. 

PIERIS n. Don [Ericaeeae) 

M. Br. Ind., 111 , 460 in part. 

A genus of evergreen shrubs or small trees distri- 
butetl from the Himalayas to E«ast Asia and in North 
America. One species is found in India. 

P. fnrmosa 1). Don (Nepai. — Ralu, sheahoge) is a 
handsome shrub or a small tree with elliptic-lanceo- 
late leaves and panicles of white flowers found almost 
throughout the Himalayas at altitudes of i,8o(>> 
3,o(M) m. and in hills of Assam. The plant is reported 
to he poisonous ; it contains andromedotoxin (Cowan 
& Cowan, 82 ; Wehincr, II, 910). 

Pieris sp[). — sec Lyonia 

Pigeon Pea — see Cajanus 

Pigeons — see Birds 

PIGMENT MINERALS 

D.E.P., lV,52o; VI(i), 231. 

Pigment minerals possess desirable colour and 
other physical properties and find use as such or after 
treatment as pigments, extenders or fillers in paint, 
cement, rubber products, plastics and paper. The pro- 
perties and uses of pigment minerals of commerce, 
classified according to the colour they afford, arc 
summarized in Table i. Only the natural iron oxide 
pigments, which are of considerable commercial 
importance, are described here : others are described 
elsewhere under appropriate subject entries. 

The iron oxide group of pigments are chiefly 
derived from three iron ores, viz. hematite, limonite 


and gocthite. The important natural pigments arc 
Ochres, Siennas, Umbers and Red oxides. Depending 
upon the state and content of iron oxide, these 
minerals give different tints, chiefly red, brown and 
yellow. They vary from earth colours of low colour 
intensity and low iron oxide content (e.g., coloured 
clays, boles, shales and slates) to almost pure iron 
oxide, with high tinting strength (e.g., red oxides). 
Ochres, siennas and umbers occupy an intermediate 
position. 

Some of the finest ochres come from India, South 
Africa, Italy, France and the U.S.A. True sienna is 
found only in Italy and true umber in Cyprus. Best 
red oxide is available in the Ormuz Island in the 
Persian Gulf ; it is also produced in Spain, Canada, 
U.S.A. and India. Important deposits of micaceous 
hematite are found in Great Britain and Austria, 
and those of green earth in Bohemia and Italy 
(Ladoo & Myers, 341 ; Siegel in Gillson cl al., 
585; Canad. Miner. Yearh., 1962, 367; Tarr, 510; 
Johnstone & Johnstone, 432 ; Coggin Brown & 
443-47)- 

Ochres consist of intimate mixtures of clayey or 
siliceous material with 15 to 80 per cent iron oxide 
(limonite, goethitc or hematite) commonly yielding 
red, yellow and brownish shades. Red ochres (Hindi 
— Geru, hirmji) contain about 15-^5 per cent hematite 
(anhydrous iron oxide) as the colouring principle, 
disseminated in a siliceous or clayey base. Yellow 
ochres (Hindi — Ramraj, haldimaii) contain about 
15-30 per cent limonite (hydrous iron oxide) as the 
colouring principle, mixed with varying (piantities of 
clay or fine sand ; they vary in colour from lemon 
yellow to golden yellow. Ochres may grade into 
siennas with increasing ferric oxide content, and 
siennas may grade into umbers with increasing 
manganese dioxide content. 

Ochres arc formed by residual concentration. 
Replacement or precipitation deposits arc the prin- 
cipal sources of ochreous minerals. They occur mostly 
in the regions of deep and thorough weathering ; 
important deposits arc found usually in the fractured 
and faulted zones of the rocks of all ages. Though 
occurring widely, ochres are found usually in small 
pockets and not as big deposits. 

Siennas consist of yellow to brown mixtures of 
hydrous iron oxide (partly in the form of hydrated 
iron silicate) and clay in varying proportions, with or 
without siliceous matter : they may contain up to 
60-80 per cent ferric oxide and a little manganese 
dioxide. 
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TABLE 1-CHARACTERlSTlCS AND USES OF PIGMENT MINERALS* 
Characteristics 


Minerals 

REDS 

Bole, ruddle or reddle 
Ferruginous, nonplastic clay 
(Fe,0,, 5 15%) 

Red ochre 
Contains anhydrous iron oxide dis- 
seminated in siliceous or clavev base 
(Fe/),, 15 65%) 

Red oxiilc 

Hematitic iron oxide (Fe/)„ 58 98%) ; 
includes Indian red, Persian Gulf 
red and Spanish red 

Shales Ik Slates (ferruginous) 

Shales are consolidated clays «»r muds 
while slate is a inetamorphosed 
shale (see Building Stones) 

YELLOW 

Yellow tichre 

A mixture of clay, siliceous matter 
and hydrated iron oxide (Fe,0.,, 
15 -5(1%, or more) 

BROWNS 

Sienna 

A niixtiire of clay and hydrous iron 
<ixide in varying proportions, with a 
little manganese dioxide (Fe,,0„ 
6(1 «()%,) 

Cmher 

A mixture of clay, hydrous iron 
oxide, mangaru'se dioxide and some 
organic matter (Fe/),, 50'',; ; MnO,, 
7 1 4'%) 

BLUES 

A/.urite 1 2CuCO.,.Cu(OI l)^] 

(sve Copper C^es) 

Lapis la/iili 

(Na,Ca),.Al,Al(NaSl^,.NaS,.Cl)(SiOJ, 

(;reens 

Green earth ('lerre verte) 

A mixture of ferrous silicate and sili- 
cates of alkalies and magnesium , 
composition variable 

Malachite (Mineral green) 
[Cut:o,.Cu(OH),J (.vcc Copper Ores) 

BLACKS 

Coal (anthracitic) (sec Coal) 

Oaphite (sec Graphite) 


Ilmen ite (FcO.TiOJ 
(5CC Titanium Minerals) 


Magnetite (Fe,OJ (see Iron Ores) 

A magnetic oxide of iron 

Micaceous hematite 
A crystalline variety ; flaky structure 


Red, brown to yellowish ; poor tinting 
strength 

Good spreading, hiding and staining 
|Miwer 


(fOod spreading, hiding and staining 
power: characterized by {HTmanence in 
colour 


Low in staining |M)wcr and f>il absorp- 
tion 


(.enioii yellow to golden yellow ; goorl 
spreading, hiding and staining |M»wer 


Pure brown to reddish brown, transparent 
in oil vehicle ; burnt sienna iM>sseKses 
iK'aiitifiil tinting quality 


A darker shade of brown than sienna ; 
burnt uml)er has deejHT and richer 
shades than raw mineral 


Azure blue, turns to malachite with tin 
passage of time 

Azure blue shade of beautiful tone 


Durable but often deficient in opacity and 
dull in colour intensity 


Bright green vshadc 


Low in staining power, tinting strength and 
oil absorption 

Dark grey to shining black ; good opacity 
and spreading power, oil absorption and 
tinting strength low 


(h)od opacity, mixes readily with oil 
vehicles, anti-corrosive 


(Greyish black, anti-corrosive 
Deep black, lustrous ; aiiti-corrosivc. 


Usest 


Used locally in India in colour washes, 
also for dyeing cloth 

Used in colour washes, oil paints, coloured 
pa|)er. linoleum, etc. ; in protective 
paints for iron and steel 

L\sed in exterior, anti-cornisivc paints for 
iron and steel structures 


Used as red pigment in linoleum anil oil 
cloth, mortar colours and in cheap 
paints for ])riming coats, etc. 


Same uses as of reil ochre 


Used for glazes and graining, al.so for 
making (MTinanent lints in printing ink 


Used chiefly as stains, and a|so for tinting 
colours 


Used ill artists' colour and mountain hliio 


Used as artists’ ctilour ; now replaced by 
synthetic equivalent ultramarine 


Used as a base for cheap lake 


l's(‘d in artists' colour 


Ijsi-d as filler and extender 

U.sed in anti -corrosive paints and electri- 
cally conducting paint films, also for 
colouring rubber, cement and flooring 
tiles 

Used for the preparation of anti-corrosi\e 
fillers and undercoatings ; source (if 
Titanium dioxide a while pigment 

Used mostly as metal primer 

Used in anti -corrosive paints 

Contd 
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TABI.E 1- Coutfi 


t Minerals 

Pvrolusitc (MnO,) and I fausinannitc 
'(Mn0.Mn,0,) 

(see Manganese Ores) 

Shales & Slates (earlxinaccous) 

Clays containing carbonaceous matter 
(see Building Stones) 

WHITES 

Asl)cstos (.vee Asbestos) 

Includes chrysotile (3Mg0.2Si0^. 

2 H 2 ()). antliophyllite l(MK.Fe)0. 
SiO^.| and other minerals ; fibrous 
in nature 

Haritc (BaSO,) 

Crystalline barium sulphate 
(see Barium Minerals) 


C^ialk & Limestone (CaCOJ 
(see Limestone) 


China clav (Kaolin) 
(AL(),.2SiO,.2H,()) 
(see Clays) * 


G ypsiim (( IaS< ) , .2 Hj,0) 
(see Gypsum) 


Magnesite (MgCO,) 

(see Magilesite) 

Miisaivite | HaKAl.,(Si<),).,| 
(.fee Mica) 

Ground c|iiar(7. (SiO^) 

(.vee Quartz SC Silica) 


Talc (2Mg0.4Si0,.ir()) 
(.vee Steatite BC Talc) 


Characteristics 

Deep black to brown ; withstands high 
tcmjicrature 


Ixiw in colour, tinting strength and oil 
absorption 


Characterized by infusibility, high heat 
and electrical resistance and insolubility 
in acids 


Practically traiis|)arent in oil vehicles, 
little hiding/reducing {Miwer. chemically 
inert 


Grinds to a white })owder (Whiting) 


fligh water absorbing properties ; induces 
thixotropy and enhances hiding power 
in water-thinned and emulsion paints 


Practically transparent in oil. slightly 
soluble in water 


Chemically inert, improves settling quality, 
crack resistance and durability 

Chemic.i1ly inert, improves briishability 
and provides “tooth” to undercoats 


Csesf 

Used as drier in the preparation of boiled 
linseed oil ; sometimes as pigment where 
high temperature is involved 

Used as black- filler for iron work, also as 
paint for buildings 


Usc'd as binding material in fireproof and 
other paints, also as filler 


Used in undercoats and primers, also as 
filler and as base for lithofioiie 


Used as extender in oil paints ; in dis- 
tempers and ceiling white 

Used in interior flats and semi-glosses, 
primers and uiulcrcoats ; also as a Inisc 
for lakes and as reinforcing agent and 
filler 

Used in limited c|uantity in paints and 
water thinned distempers 

Used in paints required to dry with a dead 
Hat finish ; also as filler 

Used in emulsion paints 

llseil as inert extender in paints and ns 
filler in wood work, rubber, insecticides, 
etc. ; also in rough texture finishes 

U.sed in gloss-paints and exterior house 
paints, nl.Mi as filler in cosmetics, rubber, 
plastics, linoleum, etc. 


Chemically inert, good settling charac- 
teristics and durability, retards cracking 
in paint films 


•Ladoo & Myers. 341-50 ; With India— Industrial IWucts. pt VI, 1.17; Heaton, 91, 109, 122, 141, 148. 163; Chatfield, 1955, 229, 
276; Johnstone & Johnjjtone, 432 44; Kemington & Francis, 58, 67, 131, 141. 

t (’ross references within the brackets refer to entries in With India — Raw Materials, where more details are given regarding the 
minerals. 


Umbers consist of mixtures of clay, hydrous iron 
oxide (FcjOg, c. 50%), manganese dioxide (MnO,, c. 
7-14%), organic matter and sometimes siliceous 
matter. Umbers have a darker shade of brown than 
.siennas. 

Burnt siennas and umbers, made by calcining raw 
minerals, have deeper and richer shades. 

Red oxide is the term applied to various types ot 
pigment-grade hcmatitic minerals, generally with 
58-98 per cent ferric oxide. 

Micaceous hematite, so named on account of its 
platy character, is a black oxide of iron having 
metallic lustre. 


Bole is a ferruginous (FcaO.,, 5-15%), nonplastic, 
red or brown to yellowish clay. 

Shales and Slates — Shales arc con.solidated clays or 
muds, while slate is a metamorphosed shale. They arc 
coloured red due to the ferric oxide, and black due 
to carlM)naceoiis matter. 

Green earth (Ferre verte) consists principally of 
ferrous silicate mixed with silicates of the alkalies 
and magnesium (I.,adoo & Myers, 344-46 ; Bateman, 
225, 727 ; Sriramachandramurty & Reddy, Ind-Com 
1954, 9 , 197 ; Siegel in Gillson et ai, 587 ; Johnstone 
& Johnstone, 437-38, 441 ; Remington & Francis, 

• 30 - 
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DisrRiBuriON 

Andhra Pradesh- In Kurnool district, yellow 
ochre has heen mined near Betamcherla (i5°27': 
78°oy') and Ramallakota (i5®34': 78®oi'). Good 
(|uality material has heen reported from Ambapuram 
(15^27' : 78 °o 8'), Uyyalavada (i5''38' : 78^05'), and 
Krishtriapiiram (i5°35': It also occurs near 

Pangidi (i5°43': 78^41 ') and Pasunitla (i5”47': 
78^4 1 '). In East (xodavari, considerable quantities of 
good red ochre are found near Dudukuru (i7”o2': 
8 i° 36') and Kateru (i7''o2':8i”47') ; in West Goda- 
vari, soft limonitic material is available at Dawarka- 
Tiriimala (i6”57':8i°i5'). Both the deposits arc suit- 
able for use in colour washes and cheap paints. In 
Cuddapah district fairly large reserves of ochre are 
found near Chahali (14^30' : 78 ”36') and Mittamida- 
palle (i4”25': 78°44'). Pockets of yellow ochre have 
been reported near Nandimaiidalain (14^24' ; 78°3i'), 
Uppalapallc (i 4 ° 33 ' • 7 ^“ 47 '). Sidhout (i4°26': 78°55') 
and Bhakarapeta (*4”25' : 78°57'). In Cliittoor district, 
yellow ochre occurs near Tilavaram (13^23': 79^40'), 
and in Vishakhapatnam, red ochre is reported from 
Araku (i8”2o':82°5i') and other localities. 

Red oxide is c|uarried near MantapampalU 
(i4"i9' : 79°o5') and Erragiintlakoia (i3°57' • 79® in 
Guddapah district, and at Gutupalle (i5®25': 78°02') 
in Kurnool. Ilematitic material suitable for use as 
pigment is available at Veldurti (i5®33': 77®56') in 
Kurnool and near Basireddipallc (i5”47^: 79®35') in 
Nellore. 

Some of the ferruginous clay bands found in 
Kainthi beds in Adilahad arc (uhreous and may be 
used for making paints. Pale pink ochreous shales 
used as colour wash occur in the hill ranges near 
Doranala {*5°54' '• 79®o6') in Kurnool district 
(C'hatterjee, 395-96 ; Indian Miner, Yearb,, 1964, 
692). 

Hihar — Ochre is worked in Shahahad district at 
Mandpa (24^44' : S3'’ 40') and Chuthan (24'’ 38': 
83®^4'). In Singhhhum district, red ochre is found in 
kolhan area, Jhairdih (22°47':85°3i'), Chandil 
(22"57' : 86^04'), Goilkera (22'"3i^- 85° 23') and also near 
Mangru (22^29' : 86" 16'), Maheshpur (22^22' 186^30'), 
l ahari (22°36':86"43'), and Kiiria (22"32':85"3r) ; 
and yellow' ochre at several places in Kharsawan 
(22^48' :85"53') and near Goilkera. Red ochre has also 
been recorded near Garea (2 4 " 08' : 85 "54') in Ilazari- 
hagh, and Kolkant (24"26' : 87^26') in Santal Parganas. 

Brown earths have been reported to occur at Leda 
Bum (22”28': 85^22') and Basadcra (22^40' : 86® 30') in 
Ranchi. 


Considerable deposits of micaceous hematite occur 
at Bicha Burn (22^39' 185® 24'), Karanita Buru 
(22°4 o': 85®25') and Lukud Bum (22°4o' : 85®27') in 
the Porahat region, Singhhhuin. 'Phey are a potential 
source of black pigment. 

A reddle of varying colours was (piarried near 
Gaya and used for dyeing clothes. Clays used as 
colour w'ash occur at Metiahandi (23''33':86"38'), 
Khari Dungri (22''32' : 86" ^5'), and DharadVh (22^43' : 
86^32 '), and are also recorded at Asura (22"44': 
85°52') in Singhhhum. Red and yellow lithomargic 
clays have heen observed in liohardaga (23^26' : 
84^40') and Chiihimati (23"25': 84^24') areas of 
Ranchi district (Chatierjee, 396-97). 

Gujarat — ^Yellow ochre has heen recovered near 
Sajanpur (22^40': 7o"54') and Wankaner (22"37': 
7 o" 59') in Madhya Saurashtra and near Bharwarc 
(2 i"45':69"3o') in Porhandar. Ochre is also worked 
near Lakhpat (23 *50' : 68"5o') in Kiitch, and Padvania 
(2 i°4i':73®i 8') in Broach. About 3 million tonnes of 
red ochre reserves are reported to occur near Rajpur 
(23®oi':7i"25') in Surendranagar (/alawad) district, 
where the mineral also occurs at Ankevalia Mota, 
Baisahehgarh, Chorvirda, and Khocl. About 5 o,<k>o 
tonnes of yellow ochre are estimated to he recover- 
able from a yellow sandstone near Gangiawadar 
(22'’38': 7i"o5'). In Gohilwad, extensive deposits of 
yellow' ochre are located west of Lakhanka (2i°3i': 
72^17'). Occurrence of sandy red anil yellow ochres 
has heen noticed at several places in the Garia hills 
in W'estern Kiitch. Bright yellow ochre of excellent 
(jiiality has been found in a well shaft near 1\alakra 
(2 1 ®45' : 69®25') in Porhandar. 

Ochres, coloured clays and variegati*il earth occur 
abundantly around Nandana, Ran, Mewasa, Virpur 
and other localities in Halar. Large (|iiantity of red 
hole is seen below the trap on Bed-Sika road about 
14 km. from Jamnagar ; it has alsii been recorded at 
Veraw'al. In Sorath, clays of variegated colours asso- 
ciated w'ith laterite are worked in the vicinity of 
Banda (2i"o2': 7o®24') and Bheiali (2o®57' : 7o®35') 
for local colour w'ash (Chatterjee, 397-98 ; Indian 
Miner, Yearb,, 1964, 693 ; Roy. 1953, 179). 

Himachal Pradesh - -\ (|uantities of yellow 

ochre are reported to exist near Daiiksa (32" 13': 
7S®o5') in Spiti (Chatterjee, 404). 

Jammu & Kashmir — Ochre has heen worked 
locally from the ilecomposcd Panjal Traps forming 
Poshkar (34®«2': 74®3<>') *idge, in Baramula district. 
About 2(X),ooo tonnes of reserves of red and yellow 
ochres are reported from Uri area at Rata Sar 
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(34° lo': 73 "59'), Niir Khawah ( 34 ‘'o 9 ' • 74 °« 70 » 
Jhiiggi A deposit has been recently 

found near Braripiire (Chatterjee, 399 ; Badyal, East, 
Met. Rev., 1955-56, 8 , 630 : Indian Miner. Yearb., 
1964, 693). 

Madhya Pradesh — Red ochre has been worked at 
Candai (21^40' : 81° 10') and Tbakiirtala (21^39': 
8 i°o 2') areas in I 3 iirg ; and semi-ocbreoiis hematite 
at Jauli (23°23':8 o°i 7') in Jabalpur. Important 
deposits of red and yellow ochres are found in 
Gwalior and Sarna districts. About 89 ,ckx> tonnes 
of red ochre are estimated lo occur in Bchat, 
Rangwan, Sumowli and Dhiroli in Gwalior. In Satna 
district, about i43.2(X) tonnes of red oebre and 
262.6(X) tonnes of yellow ochre are estimated to 
occur in several localities, particularly at Amirthi 
(24''53' : 8 o‘' 57'), l^artapur (24^24': 81 “05'), Madhogarh 
(24°3 o' :8o“ 59'), Lidra, and Khogaha hills ; red ochre 
is also reported from Lakhanpur (24^57' : 80^57'). 
Occurrence of red ochre has been reported from 
Nardha (26“i3'; 78°48'), Gumanpura (26°i4': 78^47^), 
iiiid Baro Babuganj (26^10' 178° 39') in Datia, and near 
Palakhal (22"23'; 76^20') in Dewas. In Durg, it is 
found at Khara (2i°5o':8o”5i'), Dongaria (2i°5o': 
8 o° 52'), and Mahera Dhabri (2i°2o':8o°44'), 

Gird at Santao (26^)2' : 78*^ 1 1'), Par (26^02^:78^^05') 
and Behat (26" 10': 78“33'). Red ochre occurs at 
Kukuria (23® i6':83”37'j, Nopani Pahar (23^08' : 
^ 3 ” 340 * Giabura (23^02' 183^34') in Raigarh ; 
Laba (22^47' 183° 13') in Siirguja ; and Lachhmanpur, 
Kbamlarbeh, Koila, Ghatakheri and Tulsikbol in 
Rajgarh. Yellow ochre lias been reported from 
Palakhal in Dewas; Garra (2 1 °55' : 8o°55') in Durg; 
Bandholi (26" 12'; 78^20') in Gird ; Baherna (23^19': 

Raigarh ; Semaria (24°52':8i° 13') in Rewa ; 
Tekra-Manwa-ka-Bhand near Bhopal ; and Bharoidi 
(*3°.55" • 8 o° 55') in Shahdol. Ochre has been recorded 
near Naika Pahar (22^02' : 75^09'), Bawangaza 
(-*'' 59 '* 74 '' 5 * 0 - Shindikhodra (2 1 ^56' : 74®5.V). Niwali 
(2 i"4i': 74''55'), and Purusheda (21 ”41': 74^59') in 
Niinar. 

Quarries at .some places in the districts of Jabalpur, 
Durg, and 1 loshangabad have been reported to yield 
red oxide. 

Some ochreous clays from Panna arc used as pig- 
ments, and .solt earthy laterite from Shivpuri as local 
red wash. Similar material occurs near Maharwani 
• 77"®^ ) Morena ; and yellow shale near 
Piparia in Durg. 

Green earth is found in association with Deccan 
Trap; good (juality material is located at Pipri 


Buzurg (21*57': 75® 1 2'), Nukbera Pahar (22*03': 
75® 1 1'), Gaibera Pahar (22*02^75*05') and Kansel 
(2 1 *58' : 75°04') in Nimar district. The bed at Nukbera 
Pahar is about 3 metres thick (Chatterjee, 399 ; Indian 
Miner. Yearb., 1964, 693 ; Coggin Brown & Dey, 444). 

Madras — ^Yellow ochre has been worked at 
Trivandipuram (i i *45' : 79*46') in South Arcot. 
Yellow and red ochres occur near Anavari (10*13': 
78*50'). and yellow shales usable as ochre near 
Sivaganga (<Jy°5i':78"29'), and Panamangudi (09*56': 
78*37') in Ramanathapiiram. Red and yellow shales 
used as colour wash arc reported from Sengirai 
Reserve Forest (10* 15': 78*50') and also near 
Tiruvarangulam (*0*21': 78*53') in Tiruchchirappalli, 

Red ochreous earth has been located near Tachchur 
(12*34': 79*17') and Madimangalam (12*36': 79*11') 
in North Arcot, near the church at Ootacamund, 
and Kanniyakudi (i i * n' : 79*41') in Thanjavur. Some 
highly coloured clays of Cretaceous age, exposed 
between Tcrani (1 1*06': 78*56') and Karai (ii°o8': 
78*56') in Tiruchchirappalli, could be used as pig- 
ments (Chatterjee, 4(x>-oi). 

Maharashtra — ^Yellow ochre has been worked near 
Khairi (2 1*09': 78*49'), and Kalmeshwar (21*14': 
78*59') in Nagpur district for local use. The red boles 
associated with the Deccan Trap have been used in 
the manufacture of red paint (Chatterjee, 401 : Coggin 
Brown & Dey, 446). 

Mysore— Several deposits of red and yellow ochres 
arc found at Vadarhalli (15*14': 76*28'), Kamma- 
dheruvii (15*01': 76*37'), Sundaram Beneha (15 ’01': 
76*32'), Obalagandi (15*04': 76*31'), and Kanevelialli 
(15*03' : 76*30') in the district of Bellary; Chiknai- 
kanhalli and Gubbi taluks in Tumkur ; llolalkere 
and Ho.sdurga taluks in Ghitradrug ; and in parts of 
Kolar, Mulbagal and Sriniva.sapur taluks in Kolar 
district. Occurrences of ochre have been reported at 
various localities in the districts of Belgaum, Bidar, 
Bijapur, Dharwar, Gulbarga, and North and South 
Kanara. 

I^rge deposits (227,100 tonnes) of red oxide occur 
at Bellary-Hospet, Bcllary and Ubbalegundi mines, 
and also near llaragonadona (15*08': 76*47'). Bcllary 
is the important centre of red oxide mining. 

Rich red and yellow ochreous argillite pigments 
have been worked at the Adargani mine near 
Kumaraswami temple (15*01': 76*34') in Bcllary. Red 
bole beds are found at many places in Bijapur on the 
Deccan Trap. Lithomarge of varying shades, suitable 
for colouring purpo.ses, is found in the Sorab and 
Sagar taluks in Shimoga. Coloured clays used locally 
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occur at many places in Cliitradrug and Tuinkur 
districts. 

Occurrence of green ochre is reported near Colhalli 
in Tiimkur district and a few other places {Indian 
Miner. Ycarh., 1964, 695 ; Rama Rao, B., 100-01 ; 
Chatterjee, 401-02). 

Orissa — Large deposits of red ochre of good quality 
occur on the lateritic hills near Sarayi (18° 19': 82^45') 
and Gerupultu (i8°35': 82*^44') in Koraput district, 
where yellow shale exposed near Binusuli (i9°o2'; 
82° 18') yields material used locally. Yellow and brown 
ochres suitable as pigment arc found near Kodakora 
(21^47' 185® 14') in Keonjhar. Occurrences of ochre 
have been reported at various localities in the districts 
of Cuttack, Dhenkanal, (janjam, Mayurbhanj, 
Samhalpur and Sundargarh. 

Red oxide has been recorded near Jarapa (19^40^ : 
83° 25') in Koraput district. 

Ochreous lithornarge occurs at Cohindprasad ; red 
clay near Khandpara and Madhuhana in Puri ; and 
reddish laterites at Bhanjihasa in Mayurbhanj ; they 
are used locally. Occurrences of red clay have also 
been recorded near Palsahani (2i°oo':84°52') and 
Similipal (2 1 ^04' : 84^47') in Dhenkanal. Red shales 
fotind near Cerujor (20^31": 82^36'), Khadupani 
(20® 13': 82^32'), Johhhata (20'' 10': 82^31'), and other 
localities in Kalahandi yield a soft ochreous material 
which improves in (piality on grinding and washing 
(Chatterjee, 4o2-i.>3). 

Rajasthan -Red ochre of good (juality occurring at 
Kanauj in the Nimhahera (24^38': 74^4 1') region in 
Chitorgarh has been quarried for a long time ; a large 
deposit of ochre has been recorded near Chitorgarh 
railway station. Ochres have been reported from 
various localities such as Jhaz (26°58' : 77^08'), Hathori 
(27^00' : 77^07'), Nagla Gothia (26°37':77°og'), and 
Sunchra (27‘'38': 77''2o') in Bharatpur, and also from 
Bundi and Dungarpur districts. 

A black slate occurring near Kishangarh (26°34': 
74 ° 53 ) Ajmer has been used as pigment. A light 
bluish grey shale overlying the lignite at Palana 
(27^51' 173° 17') in Bikaner may also find a .similar 
use. Appreciable quantity of yellow ochreous clay has 
been recorded near Devikot (27°42': 71° 12') in 
Jaisalmer (Chatterjee, 404). 

Uttar Pradesh — Yellow ochre occurs near Baital 
Ghat (29"33': 79°2i') and is locally used as a pigment. 
Red ochre is found at Lakhanpur (24^58' : 8o®57') in 
Banda (Chatterjee, 404). 

West Bcugtf/-— Production of ochre is recorded from 
the districts of Bankura and Midnapur. In Burdwan, 


the best type of ochre is reported to occur at 
Ranimahal. 

Clay suitable for colour wash occurs at Rajabasa 
(22^49': 86^24') in Purulia {Indian Miner. Ycarb., 
1964, 695 ; Chatterjee, 404). 

Mixing and PaKPAUArioN 

The mining of ochres and oxides in India is gene- 
rally done by open cast method, though pillar and 
stall method and its variations are also used in some 
mines. The minerals are won mostly by simple 
manual means. A few producers use drilling e(|uip- 
ment. Mining cost is low because the earth pigments, 
except red oxide, arc soft minerals. There were 40 
ochre mines in operation in India towards the end of 
December, 1967 [Indian Miner. Ycarh., 1964, 694; 
Sriramachandramurly & Reddy, loc. cit. ; Mon. 
Btdll. Miner. Statist. & Inform., 1967, 7 (ii & 12), 

I: t.?!- 

Ochres and oxides are prepared for the market by 
comparatively simple processes of crushing, grinding, 
washing, levigation and calcination. Any one or all 
of these operations may he a])pUed to a single pig- 
ment. The mined material is weathered in the open 
and the non-colouring impurities exposed are 
removed by manual .sorting. The material is then 
cru.shed, ground, and refined by levigation. The 
levigated pulp is drained in hags or filter pressed, 
dried and again powdered if necessary. Various desir- 
able colour tones may he obtained through carefully 
controlled and regulated proce.ss of calcination. How- 
ever, in general, no elaborate method of processing 
is adopted by the mine owmers in India. Pigment 
minerals are sold in lump as well as in powder form 
of desired me.sh to the paint industry (Srirania- 
chandramurty & Reddy, loc. cit. ; Didoo & Myers, 
341 ; Indian Miner. Yearb., 1962, 45S). 

PrOPERIIES and U.SE.S 

Ochres and oxides are characterized by their 
permanence in colour, opacity to ultra-violet light, 
and excellent covering power. They arc non-bleeding, 
produce hard and impervious paint films which resist 
weathering, give good protection to wooden or metal 
structures, and can be used in either oil or water 
media. Their wide geographic distribution, low cost 
of production, and chemical stability, add to their 
general usefulnc.ss and importance in the paint 
industry * (Johnstone & Johnstone, 432 ; Ladoo & 
Myers, 341). 
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(Vhrcs have a wide range of chararrerislics (FcaOj, 
14. 3-72.3 v;. ; insoluble matter, 12.3-67.6%; inoisiurc, 
o.6-3.7'/m ; and oil absorption, 25-35%)- They arc fast 
to light in self-colour and lint and also to lime. They 
are generally inert and may decompose under some 
conditions by certain acids (Remington & Francis, 
134-35 : Chatlield, 1955, 235). 

Red oxides exhibit a considerable range of colour 
and are amongst the most stable and inert pigments. 
They do not react with other pigments, and arc fast 
to light in self-colour and tint, and also to alkali. The 
colour and lineness of natural red oxides arc more 
important than their tinting strength (Chaifield, 1955, 
23 *- 32 )- 

f/.scA* -Ochres arc principally used as a pigment or 
stain in paint manufacture, and also in colour washes, 
distempers, paper and linoleum making. They find 
extensive use in protixiive paints for iron and steel 
structures. Ochres are also employed for colotiring 
certain roofing and flooring tiles, concrete slabs, and 
sand lime bricks. They arc utilized as tinting, filling 
or reinforcing agents in phenol-formaldehyde plastics, 
and as a filler in wrapjiing paper and cardboards. In 
rubber industry, they are used in tyre and rubber- 
flooring coinposit ions. 

Yellow ochre may be calcined to burnt ochre, 
whereby it is converted to anhydrous red ferric oxide. 
Burnt ochre, used as artists* colour, is (piitc perma- 
nent (ftidian Miner, Ycarh,, 1963, 597 ; Srirama- 
chandramiirty & Reddy, loc. cit. ; Johnstone & 
Johnstone, 442 ; Heaton, no; Remington & Francis, 
203). 

Red oxides are principally used in protective paints 
for struciiirnl steel, as a durable inert absorber of 
destructive light-rays. With certain exceptions, they 
have no corro.sion inhibition value. Red oxides are 
probably consumed in larger tonnage than any other 
single pigment. Persian Gulf red oxide (FcaO,, 
c. 72',',. : av. particle size, 0.84 ; oil absorption, 
22-23%) is considered to be the best red oxide. It is 
valued for its bright red colour and produces very 
attractive warm blue tint. 

Umber and sienna are used in various mixed 
paints, because of their beautiful tinting quality ; 
they are chiefly employed as stains (Chatficld, 1955, 
231 ; Heaton, 113 ; Remington & Francis, 135). 

PwoDutrnoN and Trade 

State wise annual production of ochres and oxides 
is given in Table 2. Madhya Pradesh is the largest 
producer. Andhra Pradesh, Mysore, and recently 


TABI.R 2-STATRWI.SE PRODUCTION OF OCHRF.S AND OXIDES* 
(Qty in toniu*K) 



1963 

1964 

1965 

1966 

1967 

Madhya Pradesh 

16,155 

19.987 

19,149 

17,518 

12,204 

Mysore 

7,058 

6,659 

6,808 

6,146 

9.384 

Andhra Pradesli 

4,743 

5,279 

8.934 

3,884 

5,023 

Maliarashtra 

• • 

.. 

395 

1,226 

739 

West Hcngal 

255 

551 

760 

821 

176 

Rajasthan 

154 

165 

306 

2,158 

7,879 

Chijarat 

•• 

.ItM) 

235 

280 

637 

Tor.\i. 

28,365 

32,941 

36,587 

32,033 

36,042 

• tmlinn Miner. Yrarh., 1964, 
& Inform., 1966, 6(ll&12), 1:2 

695 -96 ; 
7 ; 1967, 

Mon. Hull 
7(IIA12), 

. A'/i»icr. 
1 : 26. 

Statist. 


TABLE 3-a.A.SSIFIED PRODUCriON OF OCHRES AND OXIDES* 



(Qty in 

tonnes) 




1961 

1962 

1963 

1964 

Yellow iK'hre 

8,769 

II. 172 

13,319 

16,451 

Red ochre 

4,341 

5,289 

4.814 

4.765 

Red oxide 

3,840 

4,860 

6,590 

10,215 

Unspecified 

1,854 

1.482 

3,642 

1,510 

• Imlian Miner. 

Yearb., 1962. 

460; 1963, 

596; 1964. 

697. 


TABLE 4— INDIAN STANDARD SPECIFICATIONS FOR OCHRES 
AND OXIDES 



Ochre 
(red & 
yellow)’’*^ 

Sienna 
(raw Ik 
hiirnt)*’** 

Umber 
(raw Ik 
Iniriit)"’'' 

Re<l oxifle''** 

Vfil. matter, 

% (max.) 

1.0 

3.0 

3.0 

0.5 

Residue on 

240 mesh B.S., 
Sieve, % 

(max.) 

0.5 

0.5 

0.5 

0.5 

Matter sol. in 
water, % 

(max.) 

1.0 

2.0 

1.5 

2.0 

Acidity, % 
(max.) 

0.1 

0.1 

0.1 


Alkalinity, % 
(max.) 

0.1 

0.1 

0.1 

0.1 


•1S:47 19.S0; MS:4«-1950; "18:49-1950; MS:46-1950. 

"FCjOj < 35%, calcium compounds (as CaO) > 5%, shaW be 
free from organic matter ; *» shall be free from added colouring 
matter; shall be free from organic matter; ‘*Fc/), 70%. 

Note: Oil absorption, within 5% of approved sample; colour 
as specified ; staining |N)wer and tone, as per approved sample. 
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TABLE 5— EXPORTS OF OCHRES AND OXIDES 

FROM 

INDIA* 





(Qty in 

tonnes and Val. in thousand Rs.) 





1963 


1964 1965 


1966 


1967 

Oty 

Val. 

Qty 

Val. Qty 

Val. 

Olv 

^ 

Val. 

Qly VaK 

Red oxide (Persian 

Gulf type) 515 

95 

595 

61 401 

75 

152 

51 

176 31 

Ochre (yellow) 59 

7 

595 

67 





Umber & Sienna 16 

5 

21 

4 





Earth colours 



290 

56 

1.274 

548 

243 

* Indian Miner. Ycarb., 1964, 155 55 ; Mun. Hull. 

Miner. Statist. & Inform., 1966, 6(11&I2), 1:45; 

1967. 

7(IIA:I2), 1:44. 


TABI.E 6-IMPORTS OF OCHRES AND OXIDES INTO INDIA* 





(Qty in 

tonnes and Val. in lhous 2 ind Ks.) 





1965 

_ JL . . 


1964 1965 

JL _ . . JL 


1966 


1967 

Q^y 

Val! 

Qty 

Val! Qty 

^ 

Val. 

Qiy 

\^l. 

Qty V;il! 

Red oxide (Persian 

Gulf type) 1,576 

966 

1,685 

948 2.055 

978 

1,542 

724 

2.504 2.168 

Uml)er & Sienna 4 

2 

12 

6 




. . 

Earth colours 



60 

61 

58 

57 

155 160 

* Indian Miner. Yearh., 1965, 

158; 1964, 

159; Man. IlnU. Miner. Statist. Infarm., 

1966. 6(11^:12). 1 

1:47; 

1967. 7(ll&:12). 1:48. 


Rajasthan arc the other important producing Stales. 
Yellow ochre is produced in the largest cjuantity. The 
classified production of ochres and oxides in the 
country is given in Table 3. 

Grades and Specifications — For marketing, ochres 
are graded according to quality. Certain physical le.sts 
arc usually carried out to determine their colour, 
particle size, staining power, hiding power (opacity), 
oil absorptive power, etc. Strong staining power, 
brightness of tint and fineness of texture arc the 
factors determining grade and price of the material. 
Ochres mined in the country arc generally of high 
cpiality and fall under two hroatl groups; (1) the 
transparent ochre of high ferric oxide content and 
good staining power, and (i/) pale yellow to golden 
ochre of low specific gravity, and medium to high 
iron oxide content and staining power. The indigen- 
ous material, however, lacks the toning capacity of the 
imported Persian Gulf red oxide. This problem needs 
to be investigated with a view to developing a process 
for upgrading the toning capacity of Indian ochres 
(Roy, Mem. geo/. Surv, India, 1959. 86, 253 ; 
Remington & Francis. 132 ; Indian Miner. Ycarh., 
1964. (^8, 701). 

Indian Standard specifications for ochres, sienna, 
umber, and red oxide arc given in Table 4. 


Exports and Imports -Moiit of the ochre produced 
is consumed indigenously. Comparatively small 
(juantities of ochre, mainly yellow ochre, are exported 
to the neighbouring countries (Table 5). 

1 able 6 gives the imports of red oxide, umber and 
sienna. Red oxide (Persian Gulf type) is imported in 
the country for toning jnirposes. The U.K., Iran and 
West Germany are the main suppliers of this material 
to India (Indian Miner. Yearh., 1964, 69S-701). 

Pigmy Spermwhale — sec Porpoises 

Pigs, Hogs and Boars — see Livestock, Supplement to 
With India — Raw' Materials, VI 

PILEA Lindl. (Urticaceae) 

D,E.P., Vl(i), 236 ; FI. Hr. Tnd., V, 551. 

A genus of annual and perennial herbs or under- 
shrubs widely distributed in tropical and sub-tropical 
region.s. About 20 species are found in India. 

P. ^laberrima Hluine syn. P. smilacifolia Wedd. is 
a stout undershrub with stems up to 120 cm. long, 
and elliptic-lanceolate leaves found in eastern 
Himalayas at altitudes of 600-1,200 m. and in 
Sibsagar, Khasi and Mishmi hills in Assam. It is 
reported to yield a fibre. 


57 


PILEA 


P. mclastomoides Blumc syn. P. trinervia Wight 
is a robust siictiilont herb, up to i m. in height, and 
with very variable oblong-lanccolate to broadly 
ellipiic leaves found in hills of South India. The leaves 
are aromatic and are used as a seasoning in Java 
(Burkill, 11 , 1726). 

P. micro jyhylla Liebm. syn. P. muscosa Lindl. 
(Artillery Plant, Gunpowder Plant) is a small 
prostrate or siilvcrect herb, c. 15 cm. high, native 
of tropical America, cultivated in Indian gardens and 
also found as a weed in many places. It has graceful 
foliage of tiny, spaihulate or rounded, succulent leaves 
and is suitable as an edging for flower beds and for 
rockeries. It is reported to be affected by blight 
(Collctotrichum capsid Butler & Bisby). The plant 
can be easily propagated by cuttings. When shaken 
it scatters a cloud of pollen in so marked a way as 
to attract attention. It is reported to be useful for 
stomach and intestinal troubles ; an infusion is iLscd 
as diuretic. Crushed leaves arc aj)plied to sores and 
bruises \Biol. Abstr., 1961, 36 , 3464; Desai, Indian 
Fmg, N.S., 1956-57, 6(12), 12; Burkill, II, 1726; 
Gopalasvvamiengar, 344 ; Heyne, /, set. Res, Indonesia, 
1952, 1 (suppl.), 21 : Brown, III, 182 : Standley & 
Steyermark, Fieldiana, Bot,, 1952, 24 ( 3 ), 416]. 

P. scripia Wedd. is a herb c. 90 cm. in height, with 
elliptic-lanceolate leaves found almost throughout 
the Himalayas at altitudes of 1,150-1, 8(K) m., Khasi 
hills. Manipur and in parts of Orissa and Madhya 
Pradesh. It is reported to yield fibre. 

PILOCARPUS Vahl (Rutaceac) 

Bailey, 1947, III, 2623. 

A genus of shrubs or small trees native of tropical 
America, mainly Brazil. Two species, P. jaborandi 
Holmes and P. micropliyllus Stapf, arc well known 
as source of the drug Jaborandi. They arc not found 
in India. Cultivation of P. micropliyllus is recom- 
mended for trial in the tropical rain forests of Bengal 
(Nayar & Chopra, 40). 

Jaborandi of commerce mainly consists of the dried 
leaflets of the two above mentioned species, although 
leaves of other species are also used. They arc aro- 
matic and bitter in taste and contain a volatile oil, 
resin and a number of alkaloids, of which the most 
important is pilocarpine, which occurs as a colourless 
oil or crystal (m.p. 34°). The use of the crude drug 
has, however, been replaced by its alkaloid, pilo- 
carpine, which is present to the extent of 0.5 per cent. 
Pilocarpine is administered parenterally as a powerful 
diaphoretic, especially in renal dropsy. It is also used 


to procure contraction of the pupil and to reduce 
the intra-ocular pressure in glaucoma. The physio- 
logical action of pilocarpine is antagonistic in all 
respects to that of atropine ; the former is, therefore, 
used as an antidote to belladonna and atropine 
poisoning. Pilocarpine is official and is used either 
in the form of chloride or nitrate (Allport, 81-83; 
Wallis, 121 ; Youngken, 498; U.S.D., 1955, 1060; 
I.P., 480). 

PIMENTA Lindl. {Myrtaceae) 

A small genus of trees distributed in West Indies 
and tropical America. Two species arc introduced 
into India. 

P. dioica (Linn.) Merrill syn. P. officinalis Lindl. 
Ali.simce Trek, Jamaica Pepper Tree, Pimenio Trek 

Bailey, 1949, 730 ; Krishna & Badhwar, /. sci. 
industr Res,, 1950, 9A(3), suppl., 234, Fig. 51. 

A bushy evergreen tree, 6 9 m. high, indigenous 
to West Indies and tropical America and grown in 
gardens in India. Leaves oblong to oblong-lanceolate, 
leathery ; flowers white, in terminal and axillary 
trichotomous paniculate cymes ; fruit a globose berry, 
about the size of a pea, black or purple, two-seedecl ; 
seeds reniform, deep brown. 

P. dioica is grown for its unripe fruits which, when 
rapidly dried, form the Allspice, Jamaica Pepper or 
Pimento of commerce. The plant is reported to be 
cultivated in gardens, especially in Bengal, Bihar and 
Orissa. It is said to grow well in Bangalore aiul fruit 
heavily. It has been recommended for growing in the 
billy districts of Mysore along the river v<alleys. It is 
propagated by seeds. Only fresh ripe fruits must be 
selected for seeds. Seeds should be sown under shade 
in freshly prepared beds or in boxes or pots. The 
beds or boxes should be well watered before sowing, 
and the seeds should be thinly broadcast and lightly 
covered with coir waste or fine soil. Seedlings arc 
potted in large containers at the 2- and 4-leaf stage, 
and arc ready for planting out in the field when they 
arc 25-38 cm. high. The tree begins to bear fruit.s 
when about .seven years old and continues so up to 
twenty years. The berries arc picked when mature, 
but still green. If the berries arc fully ripened, they 
lose their flavour. The berries arc quickly dried in the 
sun for 4-10 days ; they become wrinkled like pepper 
and turn reddish brown in colour, when the aroma 
becomes more pronounced. A tree is reported to give 
an average yield of 35-45 kg. of berries. Jamaica is 
the chief producer of berries where they arc gathered 
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from naturally growing plants ; the bulk of the 
berries arc exported to U.S.A. and Europe [Mari 
Gowda, LalBangh, 1957, 2(2-3), 5^ J Ward, 7-10, 13, 
15 ; Guenther, IV, 370-72 ; Krishna & Badhwar, /. 
sci, induslr. Res,, 1950, 9A(3), suppl.. 234 ; Hill, 447]. 

Dried berries of commerce are nearly globular, 
4-7 mm. in diameter, with a rough surface and a 
reddish brown colour. They possess an aromatic taste 
and flavour resembling a mixture of cinnamon, 
cloves ami nutmeg, and hence the name Allspice. 
The berries are used as a condiment, as a flavouring 
ingredient in catsups, soups, sauces, pickles, canned 
meats, sausages, etc. They are used in the liquor 
industry, especially as a favourite ingredient for 
mulled wines, and as a perfume in soap making 
(Parry, J. W., 21-22 ; Guenther, IV, 372 ; Ward, 16 ; 
Steinmetz, IT, 343). 

Allspice is available whole or ground. During the 
past 5 years, India imported about 15-50 kg. of the 
spice annually from Malaysia or Singapore. Allspice 
is used as an aromatic stimulant in digestive troubles. 
It was formerly used in medicine as an adjuvant to 
tonics and purgatives ; it was considered to be 
carminative. It is an anodyne against rheumatism 
and neuralgia (Steinmetz, II, 343 ; U.S.D., 1955, 
1063). 

Allspice owes its characteristic odour to the 
presence of an essential oil (3.3-4.5%)» concentrated 
mainly in the pericarp. In addition, it contains 
(|uercitannic acid (over 8%) responsible for the 
astringency, a soft resin with a burning taste, fixed 
oil (5.8'X,), proteins (5.8%), crude .starch (20%), and 
traces of an alkaloid. The essential oil, known as 
Pimenta Berry Oil, is obtained by steam distillation 
of the crushed dried berries. It has a yellow to 
yellowish red colour, darkening with age, and 
possesses the characteristic odour and flavour of 
allspice. The characteristics of the oil arc as follows : 
sp. gr.“’, 1.024-1.055 ; |a]„ , -0.5'’ to 5.0® ; n“«*, 
1.525-1.536; and sol. in 1-2 vol. or more of 70% 
alcohol. It contains eugenol (65-80%) as the principal 
constituent, together with eugenol methyl ether 
(9.6%), phellandrene, cineole, caryophyllene and a 
tcrpcnc alcohol (Guenther, IV, 372 ; Thorpe, IX, 
647 ; Gildemeister & Hoffmann, VI, 72). 

Pimenta berry oil is used for flavouring condi- 
ments and food products and in perfumery, soap and 
pharmaceutical preparations. The oil replaces the 
ground spice to great advantage, as it is of more 
uniform cpiality and can be dosed more easily and 
accurately. The oil is used as a carminative and 


stimidant. It shows bactericidal, fungicidal and anti- 
oxidant properties (Gildemeister & HolTinann, VI, 
72 ; Guenther, IV, 375 ; U.S.D., 1955, 1063 ; Claus, 
1961, 232; Chem. Ahstr,, 1956, 50 , 504, 12340). 

The dried leaves on steam distillatif)n yield 0.7 * 
2.9 per cent of an oil (Pimenta Leaf Oil), which like 
berry oil contains eugenol as its main component but 
has an inferior odour and flavour. Pimenta leaf oil 
has the following physico-chemical properties: 
sp. gr.*-", 1.026-1.065; [a],,, inactive to -5.5® ; , 

1.530-1.540: eugenol content, 65-96%; and .sol. in 
1-2 vol. of 70% alcohol. It is employed as a substitute 
for and adulterant of the more expensive berry oil. 
It is u.sed also for the i.solation of eugenol. Both the 
berry and leaf oils are occasionally adulterated with 
clove oil or certain fractions of it (Gildemeister & 
Hoffmann, VI, 73-74 ; Guenther, TV, 374). 

The leaves contain tannin and may be used locally 
for tanning purposes. The bark contains tannin and 
a small cpiantity of an essential oil (Howes, 1953, 283 ; 
Wehmer, II, 826). 

The w'ood (wt. 1,089 kg./cu. in.) is of dark to light 
salmon colour with a very firm, hard, close texture 
and a smooth surface. It is inclined to warp unless 
in very narrow widths. The wood of the .saplings is 
mainly used for making walking sticks, umbrella 
handles and cart .shafts (Howard, 454: Hill, 448; 
Record & Hess, 409). 

P. racemosa (Mill.) J. W. Moore syn. P. acrh Kostel. 
Bay Tree, Bay Rum Tree 

Bailey, 1949, 730. 

A .shrub or .small tree, 6 18 m. Iiigli, indigenous 
to We.st Indies and tropical America, reportetl to he 
grown in gardens in India. Leaves obovaie or elliptic, 
leathery, shining above, very aromatic : flowers white, 
in corymbs ; fruit an ovoid berry, black when ripe, 
aromatic. 

P, racemosa is grown mainly for its leaves which 
furnish an essential oil (Bay Oil). Bay trees are 
propagated from seedlings. Seeds are .sown in seedbeds 
and seedlings tran.sjilanted in nursery beds. After 
iJ/ 2-2 years in the nursery, seedlings arc planted out 
in the field. Although the tree attains a height of 
18 111. or more, it is usually pruned at the top and 
trained to one or two main trunks with numerous 
.side branches and maintained to a height of 3.0- 
3.6 m. Harvesting of leaves begins in four to five 
years after planting. In harvesting, cither leaves are 
stripped from the trees, or both .shoots and leaves are 
removed and tied in bundles for transportation to 
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FIG. 23-PIMENTA RACliMOSA-FRlUTING BRANCH 

cli.slilkry. In areas of cullivatioii (Dominica and 
Puerto Rico), yields of fresli leaves vary from 
to .VV3.V’ hectare (Guenther, TV, 381 ^2, 

388,38^986). 

Bay oil is obtained liy distillation of the green 
leaves, the average yield being 1.2- 1.3 per cent. The 
oil is yellow in colour, becoming darker on exposure 
to air. and has a pleasant odour reminiscent of clove 
oil, with a sharp spicy taste. The physico-chemical 
properties of the oil arc: sp. 0.960-0.985; |a|^,, 

up to -2°: , 1.506-1.520 : phenol content, 

57-66% : and sol. in 1- 2 vol. of 70% alcohol. Eugcnol 
is the chief constituent of the oil ; other constituents 
ideniilicd are: methyl eugenol, chavicol, methyl 
chavicol, fi-pinene, myreene, /-phellandrene, limoncnc, 
dipentenc. citral. cineole and an alcohol resembling 
geraniol. Bay oil linds wide use in the perfume 
industry, particularly in the preparation of bay rum 
and similar type of toilet waters. It is used to a limited 
extent for flavouring culinary preparations, chiefly 
table sauces (Gildemeisler & Hoffmann, VI, 76-84 ; 
Guenther, IV, 395). 


The berries yield on steam distillation 3.7 per 
cent of a yellowish brown essential oil, with a charac- 
teristic odour. The oil (sp. gr.**’’, 1.017 ; [ajj, , -7.05® ; 
sol. in 1.5 vol. of 70% alcohol) contains eugenol 
(73 Vo) and /-phellandrene (Gildemcister & Hoffmann, 
VI. 85-86). 

The berries are useful for culinary purposes. 
Powdered fruit is used in flatulence, dyspepsia and 
tiiarrhoea. The wood of the saplings is valued for 
walking sticks (Chittenden, III, 1573 ; Kirt. & Basu, 
II, 1056; Burkill, II, 1728). 

Pimiento — see Capsicum 

Pimpernel — see Anagallis, Pimpinella 

PIMPINELLA I inn. (UvihcUifcrae) 

A large genus of annual or perennial herbs distri- 
buted in Asia, Europe and Africa. About 30 species 
occur in India. One species, P, anisum, is widely 
grown for ils fruits used for flavouring. 



New Delhi 

FIG. 24-PlMPlNELLA ANISUM-FRUITING BRANCH 
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P. anisum Linn. Anise, Anfseed 

D.E.P., VI(i), 236 ; C.P., 887 ; Bailey. 1949. 751. 

Hindi - Saunf, sawonf, badian ; Beng. -liluhuri, 
mitha-jira ; Mar. — Somp, badishep ; Guj. — Anisa ; 
Tel. — Kuppi, sopu ; Tam. & Kan. — Shonibu ; Oriya 

-^^SOpm 

Nepal —Sop, 

An annual herb, 30-60 cm. high ; leaves pinnatifid 
or ternately pinnate ; flowers small, white, in com- 
pound umbels ; fruit (schizocarp or cremocarp) ovoid 
or pyriform, laterally compressed, 3-5 mm. in length 
and 2-3 min. broad, greyish green to greyish brown ; 
mericarp broadly ovoid, 5-ridged with short hairs 
and numerous vittac. 

P. anisum^ a native of the eastern Mediterranean 
region, is widely cultivated in southern and central 
Europe, U.S.S.R., North Africa, and to a less extent 
in Mexico and South America. In India, it is grown 
to a small extent as a culinary herb, hut reports of its 
cultivation and production for fruits are evidently 
not found correct. It has often been confused with 
Focniculum vtdgare because of the common Indian 
name, Saunf, applied to both. It is stated that a com- 
modity commonly available in Indian market under 
the name Lucknow saunf is called Indian Aniseed. 
Enquiries from various commercial and government 
sources indicate that all references to aniseed grown 
or produced in India refer mostly to Focniculum 
vulgare. 

The plant prefers a light, fertile or moderately 
rich, well-drained sandy loam. It is propagated by 
seeds. Seeds arc sown broadcast or in drills, 20-40 cm. 
apart, from the middle of October to the end of 


November in the plains, and from the beginning of 
April to the end of May on hills. When the seedlings 
arc 5-8 cm. high, they are thinned to stand 10-15 
apart in a row. About 13 kg. of seeds are siiHicient 
to plant a hectare of land. The plants retpiire frecpient 
and thorough cultivation throughout the growing 
season, occasional weeding and watering once a week 
during dry weather. The crop is ready for harvesting 
in 35/2 months afier planting when the tips of the 
fruits (often called seeds) turn greyish green. The 
plants are either pulled out of the ground or fruiting 
umbels cut off, tied in bundles atid then stacked in a 
conical pile with the fruiting heads toward the centre 
in cocks about 1.8 m. high. Fruits ripen in ^ or 5 days, 
and are then threshed out, cleaned and bagged for 
the market. Under favourable conditions, a vield of 
445-665 kg. of fruit per hectare may he expected. 
Aniseeds are reported to he damaged by an insect, 
Systole albipennis Wlk. [Guenther, IV. 564-66: 
Gopalaswamiengar, 559: Gollan. ii: Krishna & 
Badhwar. /. sci. industr. Res., 1953, 12A(2). suppl.. 
284 : Sievers, Fmrs* Bull. U.S, Pep. Agric., No. 1999, 
1948, 23 ; Parry, J. W., 88 : Wadhi, Indian /. Fnt., 
1963. 25 , 382]. 

A large quantity of aniseed is said to he exported 
from India and also imported. Exports are mainly 
made to Afghanistan and l\'ikistan. while imports 
arc mainly from Malaysia, Viet Nam and 'laiwaii 
(Formosa) ('Fables i and 2). It appears probable that 
all exports refer to Lucknow saunf which is a fennel 
and the imports are evidently mostly of star anise 
{fllicium vennn), particularly those received from 
Malaysia, Viet Nam and Taiwan. Star anise is said to 
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TAB1.E 1-EXPORTS OF ANISEED FROM INDIA 



f 


(Q«y 

in kg. and Val. in Ks.) 






Pakistan 

Triniil.id 

Afghanistan Others 



Total 








Qty 


Val. ’ 

1957 

36,271 

8.331 


17,324 


61,926 


75,104 

195S 

13,208 

3,708 


2,032 


18,948 


35,507 

1959 

60.810 

3,810 


552,527 2.490 


619,637 


718,166 

1960 61 

9.974 

3,430 


1,126 6,100 


20,630 


28,294 

1961-62 

15,198 



3,452 


18.650 


26,108 

1962 65 

56,089 

1.350 


6.211 8,554 


72,204 


95,377 

1963 64 

8.157 

400 


631,292 2,793 


642.642 


845,831 

1964 4»5 

19,688 



218.007 3.385 


241.080 


450,280 

1965 66 

3.805 



74,327 3,155 


81,287 


136,841 



TABLE 2— IMPORTS OF ANISEED INTO INDIA 








(Qty 

in kg. and Val. in Ks.) 






China 

Hnngknti^ 

Malaysia 

Vi«‘t Nam Taiwan 

(Formosa) 

Others 


Total 







Qty 


Val.' 

1957 

19,254 

5,639 



21.084 

45.977 


57.733 

1958 

5,537 

813 



12,295 

18,645 


33,878 

1959 

. . 

1,778 



914 

2,692 


2,722 

1960 61 

288,419 

76.499 



22.357 

387.275 


416, (Mil 

1961 62 

187,290 

2,000 



18.527 

207,817 


243.786 

1962-63 

12,058 




312 

12,370 


15,185 

1963-64 








. . 

1964 ^i5 

18,458 

25.060 

1,830 


5.384 

50,732 


62,402 

1965-66 



62,896 

25.165 18,356 

859 

107,276 


143,148 


1)0 cheaper rhan init* anise {Fimphiella anisutn) and 
most of the oil of commerce is said to be derived 
from it (Chopra, 1958, 219). 

Aniseed possesses a sweet aromatic taste and emits, 
when crushed, a characteristic agreealile odour, and 
is used for flavouring food, confectionery, bakery 
products, beverages, anisette and other liqueurs. 
Fruits are considered mild expectorant, stimulating, 
carminative, diuretic and diaphoretic, and are used 
in flatulent colic, in the preparation of asthma 
powders and in veterinary medicine. Alcoholic 
extract of aniseeds possesses fungicidal activity 
(Parry, J. W., 88 : Uphof, 279 : I.P.C., 18 ; Claus, 
1961, 235-36 : Chem. Ahslr., 1947, 41 , 2260). 

The chemical composition of aniseed varies with 
the origin of the fruits ; the reported ranges of values 
arc: moisture, 9--13 ; protein, 18; fatty oil, 8-23; 
essential oil, 2-7 ; sugars, 3-5 ; starch, 5 ; N-frcc extr., 


22-28; crude fibre, 12-25; 6-10%. Choline 

is also present. The Indian Pharmaceutical Codex 
retjuires aniseed to contain : volatile oil, <(^2 ; acid- 
insoluble ash, 3 >i. 5; foreign organic matter, ; 
and other seeds ami fruits, ^2% (Wehmer, IT, 880 ; 
I.P.C., 18). 

Aniseed is adulterated with exhausted fruits, fine 
earth and other small seeds and fruits. Ground 
aniseed is sometimes found adulterated with ground 
fennel which resembles it in aro^ia and flavour and 
is considerably cheaper (Krishna & Badhwar, loc. 
cit. ; Parry, J. W., 88 ; I.P.C., 18). 

Aniseed on steam distillation yields an essential 
oil, known as Oil of Anise, which now replaces the 
fruits for medicinal and flavouring purposes. Anise 
oil is a colourless or pale yellow liquid having the 
characteristic odour and taste of the fruit. It resem- 
bles very closely the oil distilled from star anise 
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{Illicitim vcrum) but it has a finer and more delicate 
flavour, though the latter is commercially more im- 
portant. Both aniseed and star anise are recognized 
by B.P. and U.S.P. as the official sources of anise oil 
(Krishna & Badhvvar, loc. cit. ; (hienther, IV, 563). 

The yield of oil generally varies from 1.9 to 3.1 per 
cent ; higher values up to 6 per cent have been 
reported from Syrian aniseed. Crushing of fruits 
prior to distillation gives better yields of oil ; the 
material should he distilled soon after crushing to 
prevent any loss of oil due to evaporation. Anise oil 
is a highly refractive li(|uid which solidifies on 
cooling ; ihe congealing point depends much on the 
anethole content and is a valuable criterion for 
evaluating the oil. Kxpo.siire of the oil to air causes 
polymerization, and some oxidation also takes place 
with the formation of anisaldehyde and anisic acid. 
The B.P. recpiirements of the oil arc: congealing 
point, <15" ; sp. gr.-" , 0.978-0.992 ; ir" , 1.553-1.560 : 
|a]|^ , -2® to +1'’; sol. at 20“ in 3 vol. of 90% 
alcohol (Guenther, IV, 566 -67 ; B.P.C., 1963, 46 ; 
B.P., 1963, 53). 

The chief consiitucnt of anise oil is anethole which 
is present to the extent of 80-90 per cent and is 
mainly responsible for the characi eristic flavour of 
the oil. The oil also contains methyl chavicol, 
/)-niethoxyphenyl acetone, and small amounts of 
lerpenes and sulphur-containing compounds of dis- 
agreeable odour. In addition, the following minor 
compounds have been identified in the Spanish oil : 
vanillin, anisaldehyde, anisalcohol, hydroc|iiinone 
and its monomethyl etlier, p-cresol, creosol, eugcnol, 
propionic, butyric, myristic and anisic acids, ( adalene 
and azidene (Guenther. IV, 569 ; Gildemeister & 
Hoffmann, VI, 426). 

Oil of ani.se is used in perfumery, soaps and other 
toilet articles and for flavouring culinary prepara- 
tions, confectionery, beverages and li(|ueur anisette. It 
is used in perfuming sachets, dental preparations and 
mouth washes ; it is also used in the manufacture of 
lacquers (I lill, 454 ; Krishna & Badhwar, loc. cit. ; 
Perftim. cssent. Oil Rrc,, 1962, 53 , 466). 

Oil of anise is recognizerl by B.P. and Int. P. It 
is used as an aromatic carminative to relieve flatu- 
lence, and as an ingredient of cough lozenges in 
combination with licpiorice. It is a mild expectorant 
and is used as an antiseptic, and for the treatment of 
cholera. It may he used in the preparation of gripe 
water. Oil is used externally as an in.secticidc against 
small insects such as head lice, mites and vermin ; 
it has also fungicidal properties (I.P.C., 164 ; Thorpe, 


VIII, 655 ; Ooman, Indian J. Pliarni., 1950, 12 , 326 ; 
Merck Index, 743 ; Chcni, Abatr., 1956, 50 , 501). 

The distillation water of anise is sold in Indian 
bazaars as A raff hadian or Araq saunf and is reported 
to be used in medicine (Chopra, 195S, 220 : Krishna 
& Badhwar, loc. cit.). 

The residue left after extraction of oil may he used 
as a high grade cattle feed. It contains 17 -19 per cent 
of protein and 16-22 per (ent fat (Biirkill. II. 1729; 
Chandrasena, 116). 

Anise oil is freciuently adulterated with the lower- 
priced star anise oil. In India, probably the oil of 
fennel is sold as a substitute lor true anise oil : the 
former can be distinguished by its lower anethole 
content and higher optical rotation (-I-11 to t 20’). 
Other adulterants used are turpentine oil, cedarwood 
oil, and copaiba and gurjiin balsam oils. Adultera- 
tion with synthetic anethole made from pine oil 
is also reported (Krishna & Badhwar, loc. cit. ; 
Guenther, IV, 568). 

Ether extraction of the fruits (freeil of essential 
oil) yields a dark green fatty oil having the following 
characteristics: d‘“* , 0.9224; //j-; , 1.4718; acid val., 
83.5 ; and unsapon. matter, 2.4%. llie fatty acid 
composition of the oil is as follows: palmitic, 3.2; 
petroselinic, 23.5: oleic, 56.0; and linoleic, 17.1%. 
The oil is suitable for soap making. A hard fraction 
(yield 20V.,, m.p. 28.5 31.0') of the oil can be used as 
a substitute for cacac» butter in confectioneries and 
pharmaceutical preparations. The fatty oil expressed 
from the whole fruits possesses the characteristic 
ani.se flavour (Mensier. 450: ('linn. Ahstr., 1959, 53, 
* 454 «)- 

Fresh leaves of the plant are used ;is a garnish and 
for flavouring salads. They are eaten as pot-herb : 
they contain an essential oil and vitamin C (8.7 mg./ 
100 g.) (Muenscher & Rice, 75 : Gollan, 1 1 : Parry, 
I, 501 : Barua, /. Indian chnn. Soc., 1946, 23 , 238). 

P. diversifolia DC. is a hairy or pubescent |)eren- 
nial herb, 60-150 cm. high, with compound leaves 
and white flowers, found throughout the Himalayas 
and Khasi, Aka and Lushai hills at altitudes of 
9oo-3,(XK) in. and in Manipur. The herb is considered 
carminative (Kirt. & Basil, II, 1208). 

P. hvynvana Wall, ex Kurz is a slender erect 
annual herb, 311-90 cm. high, with fusiform root, 
i-2-ternately compound leaves and white flowers, 
found in Chota Nagpur, Kalahandi (Orissa), Circars, 
Deccan, western ghats, Kanara and Konkan. The 
root of the plant is used in fever (Kiri. & Basu, II, 
1207). 
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P. saxifraga Linn, is a biennial or perennial herb 
with a slender ro()rsU)ck, pinnate radical leaves and 
pink or purplish flowers found in Kashmir at an 
altitude of 3.9CX) in. The Indian plant is considered as 
a distinct variety, var. disscctifolia C. B. Clarke (FI. 
Br. Ind.), non Boiss. 

'J’he dried roots of P, saxifragn constitute the drug 
Pimpernel. It is aromatic, acrid and pungent and 
possesses diuretic anti diaphoretic properties. It is 
used as a lithontriptic. It contains an acrid resin, 
volatile oil and a tasteless principle, pimpinellin. In 
indigenous medicine, the root is recommended for 
wounds, bleeding of nose and headache. A tincture 
is used as an antidiarrhoeic. An infusion of the plant 
is given to relieve flatulent indigestion. The root is 
also employed in litpior industry and spice extracts 
|Gaihercoal & Wirth, 332 ; Kirt. & Basil, II, 1208 ; 
Hoppe, 676 : Krishna & Badhwar, /. sci. industr. Res,, 
1953, I2A(2), siipj)!., 284J. 

PINANGA Blume (Pahnac) 

A genus of slender palms distrihuted in the Indo- 
Malayan region. Eight species occur in India, and a 
few are introduced in gardens. 

P. dicksonii Blume 

FI. Br. Ind., VI, ^09 : Blatter, 466. 

TVsK—Konditpokft : —Kadu adike, jandarige ; 

Mai.. — Kanakamuka, 

A slender graceful, soholiferous palm, 4.8-7.5 m. 
high and 5.0-7.5 cm. in diam., found in western ghats 
from North Kaiiara to the Nilgiri and Travancore 
hills at altitudes of 300--9CX) m. ; it is very gregarious 
and locally ahundani in tlie evergreen forests of 
North Kanara. Leaves pinnate, forked: leaflets 
sessile, broadly linear ; spadix compound with 4-8 
hranches, clothed with imbricating flowers ; spathe 
simple, rigid, compressed : fruit oblong, fibrous, 
1. 3- 1. 9 cm. long and 0.8 cm. diam. ; seeds ruminated. 

The fruits of the jilant are used as a substitute for 
betel-nut {Arcen catechu). In China, Japan and Viet 
Nam, the dried husk of the fruit is given in flatulence, 
dropsy and obstructive diseases of the stomach ; it is 
also given in choleraic aifections (Blatter, 467 ; Caiii.s, 
/. Bombay fiat. Hist. Sor., 1934-35, 37 , 940). 

Pine — see Pinus 

Pine, Hoop or Norfolk Island — see Araucaria 
Pine, Oregon — see Pseudotsuga 
Pine, Screw — sec Pandanus 


Pineapple — see Ananas 
Pineapple Guava — see Feijoa 
Piney — see Kingiodendron 
Piney Varnish — see Vateria 
Pinnay Oil — see Calophyllum 

PINUS Linn. (Piriaceae) 

A large genus of monoecious, evergreen, resiniferous 
trees, commonly known as Pines, distrihuted in the 
northern hemisphere, extending south across the 
ecpiator in Indonesia. Pines occur widely in the 
temperate regions ; in the warm temperate and sul> 
tro|)icai countries they are found chiefly in the hills. 
Five species occur wild in India in the Himalayas and 
the hills of Assam. Several exotic pines have been 
introduced hut not to an extent that they can he of 
any economic importance to the country. 

Many species of Pinus yield valuable limber, used 
extensively for making furniture, railway sleepers, 
door and window frames, paper pulp, etc. The pine 
timber is divided into two main groups: Hard- 
Pines of the two- or three-needled species and the 
Soft-Pines of the five-needled species. In general, the 
heartwocKl in hard-pines is darker than the sapwood, 
while in the soft- or white-pines the colour of the 
wockI is paler and more uniform. In India, P. wallh 
chiana (Kait), a soft-pine, and P. roxburghii (Chir), 
a hard-pine, yield commercial timber. Ecpially im- 
portant are the oleorcsins exuded by several species 
of pines. On distillation, the resins yield an essential 



FIG. 2»-CX>NES OF DIFFERENT PINUS SPP. : 1, P. roxburghii i 
2, P. wxllichianx t 3, P. tntuUris ; 4, P. gcniidixna 
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oil, commonly known as Turpcniinc Oil or 
Turpentine, and a non-volaiile product, the Rosin or 
Colophony. Turpentine oil is extensively employed 
as a solvent in paints and varnishes, while the rosin 
finds application in soap, detergent and synthetic 
pine oil industries. India produces large (piantiiies of 
turpentine oil and rosin, mainly from P. roxburgini. 
Some of the pines yield edible seeds. P, gcrar- 
(liana, found in the North-West Himalayas and 
Afghanistan, is the source of the much relished 
Chilgoza seeds (Streets, 464 ; Dallimore & Jackson, 
444, 446; Troup, III, 1051). 

P. gerardiana Wall. Ciiirx;ozA Pink 
D.E.P., Vf(i), 240 ; C.P.. 888 ; FI. Br. Ind., V, 652 ; 
Troup, III, 1090, Fig. 440-41. 

llisDi Chilgoza, ucoza (seeds). 

N.W. HLMAi.y\YAs Chiti, gimohcr, prita. 

A small to moderate-sized tree, occasionally attain- 
ing a height of 24 in. and a girth of 3.5 m., found 
locally in the inner arid valleys of the North-West 
Himalayas from Garhwal westwards at altitudes of 
i.8(x> 3,(x)o m. Branches somewhat ascending, usually 
nor wliorled ; hark grey, exfoliating in irregular 
thin flakes ; leaves in clusters of three, needle-like, 
5-10 cm. long, stiff, dark green, partly persisting for 
3 4 years; male cones 7.5-13.0 mm. long; female 
cones ohlong-ovoid, 15-23 cm. x 10 13 cm. when 
ri|)e: scales thick, woody, about 3.8 cm. x 2.5 cm., 
reflexed ; seeds cylindrical, pointed at the tip, 
2.0-2.5 cm. long, dark brown, with a rudimentary 
wing ; endosperm oily, 

P. gerardiana has a rather peculiar distribution ; 
while the tree is found in Afghanistan and Balu- 
chistan and in the upper valleys of the rivers Chenah, 
Ravi and Sutlej, it is absent in the region which lies 
in between these two areas. In India, the tree grows 
gregariously forming more or less open forests, and 
is sometiincs a.ssociated with Cedrns deodara, Fraxinus 
xanthoxyloidcs, and Qiwrcus ilex. 

The chilgoza pine is hardy and can withstand 
considerable cold and drought. It is a light-demandcr 
and is wind-firm. The tree is capable of growing on 
dry, barren, rocky hillsides with .shallow soil and 
helps in the conservation of soil in the inner hills, 
which would otherwise be bare rocks. In its natural 
habitat the tree is usually found in dry regions out- 
side the influence of the monsoon, where the rainfall 
is scanty but there is a heavy winter snowfall, and 
the total precipitation amounts to 37-75 cm. On 
exposed situations the trees remain stunted and 


gnarled ; from the point of cone-hearing, however, 
stunted trees with spreading crowns are more valu- 
able than shapely trees with narrow crowns ( Troup, 
III, icxjo-93). 

Natural regeneration of the chilgoza pine sullers 
greatly from extensive and usually ruthless collec- 
tion of cones for procuring the edible seeds and also 
indiscriminate grazing atid browsing. Of thi* few 
ripe seeds reaching the ground, those falling under 
thorny thickets or in places protected from grazing 
come up readily. 'The main purpose of working the 
chilgoza pine forests being the production of the 
.seeds, heavy thinnings to stimulate the expansion of 
the crown and a system of rotational closures to .sceil 
collection and grazing are best suited for successful 
regeneration. 'The rate of growth of the tree is 
moderate, with an annual girth increment of about 
1.2 cm. (Troup, III. 1093 ; Gamble, 709). 

'The chilgoza pine is known to be affected by red- 
heart or pecky-rot caused by Fames pini Floyd. 
Several insect borers have been recorded on dead or 
fallen wood : Dioryctria ahietella Schill. and Fi/co- 
phera cedr(dla Ilampson bore into the cones |Piiri. 
Indian For. Bull., N.S., No. 179. 1955, 6; Mathiir & 
Balwant Singh, ibid.. No. 171(7), 1959, 3o|. 

The tree flowers in May -June and the cones ripen 
during September October of the following year. 
Depending upon the age and size of the tree, highly 
variable records have been made regarding the 
number of cones (28-129) per tree and the number 
of .seeds (av. 33) per cone. As many as 4(X) cones have 
been recorded on a tree ahoiu 2.5 m. in girth. On an 
average icx) seeds weigh 30 35 g. (Troup, III, i(x;i). 

Seeds -The seeds (Chilgoza) with edible kernels, 
are obtained from the ripe cones, which are plucked 
green before they open ; on heating the cones the 
scales open and the .seeds are shaken out. In the hilly 
and remotely situated areas, where the tree is found, 
the kernels form an important article of diet and the 
seeds are stored for winter use. In good seed-years, 
the surplus .seeds are trans|)orred to the markets in 
the plains. 

The chilgoza seeds are greatly valued as a dessert 
especially in northern India ; the seeds are al.so 
credited with carminative, stimtilant and expectorant 
properties. The kernels are eaten raw or roasted. 
Con.siderable (jiiantities of the seeds are annually 
imported into India from Afghanistan and are .sold 
in the Indian markets at a retail price of about 
Rs. 16-18 per kg. The chilgoza has a fairly stiff shell 
(tc.sta) that can he easily separated from the kernel 
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which constitutes 65-70 per cent of the seed. The 
kernels arc oleaginous and possess a delicate terebin- 
thine flavour. 'Analysis of the kernels gave : moisture, 
7.5; protein, 15.9; fat, 49.9; carbohydrates, 21.6; 
fibre, 2.2 ; and mineral matter, 2.9%. The mineral 
constituents of the kernel arc as follows: calcium, 
90.8; phosphorus, 92.4; and iron, 2.4 mg./icK> g. 
IVciin is present to the extent of 1.73 per cent, 
calculated as calcium pectate (llardikar, /. Indian 
chem. Soc., 1928, 5, 63 ; Klian & Chughtai, Pakisi, J, 
sci. Res., 1956, 8 , 155 ; Trehan bashir Ahmed, J. 
scl. indnstr. Res., 1947, 6B, 16). 

The kernels have a high fatty oil content, up to 
50 per cent. On pressing, a sample of kernels yielded 
32 per cent of a transparent clear oil, having a pale- 
yellow colour and the following physico-chemical 
properties: sp. gr.‘'‘, 0.9169; 1.4729; acid val., 

5.3 : .sap. val., 192.4 ; iod. val. (Hanus), 1 19.7 : acet. 
val., 3.5 ; ITehner val., 94.8 ; R.M. val., 0.22 ; tbio- 
cyanogen val., 83.2 ; and unsapon. matter, 0.4%. The 
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fatty acid composition of the oil was as follows: 
palmitic, 3.7; stearic, 1.2: oleic, 52.3; and linoleic, 
42.8%. The glyceride composition of the oil showed: 
palinito-dilinolein, 2.4 ; stearo-dilinolein, 0.8 ; palmiro- 
oleolinolein, 9.9 ; .stearo-oleolinolein, 3.2 ; trilinolein, 

O. 4 : oleodilinolein, 32.5 : dioleolinolein, 47.4 ; and 
triolein, 3.4%. 'i'hc oil is said to be used for dressing 
wounds and ulcers [Kartar Singh & Tiwari, Proc. nat. 
Acad. Sci. India, 1943, 13A(2), 120J. 

Oleoresin — ^The chilgo/a |)ine on tap|)ing yields an 
oleoresin of good quality, hut owing to its limited 
availability and avoidance of destruction of trees for 
obtaining the more valuable seeds, the species has not 
been exploited commercially for this purpose. The 
oleoresin is reported to yield about 35 litres/ 100 kg. 
of exceptionally good cpialily turpentine oil, which is 
pale yellow in colour ancl has a smell inflisiinguish- 
ahle from that of American turpentine oil (from P. 
carihaea and P. taeda). Physico-chemical properties of 
the turpentine oil from P. gcrardiana are given in 
Table i. a-Pinene content of the oil is 70-80 per cent. 
The cones exude a copious white resin used locally 
for patching cracked wooden vessels (Simonsen, 
hidian For. Rcc., 1922-23, 9 , 345). 

As the trees arc only rarely felled, the pine 
yields no commercial timber. The wood (wt., 705- 
753 kg./cu.m.) is yellowish brown, hard and durahli*. 
Ft is .somewhat similar to that of P. roxhttrirliii, but 
is coarser and more resinous. It is .scarcely ever used 
except for burning in the form of torches and as fuel, 
'rhe bark is reported to be used for making baskets 
and buckets. 

P. insularis Kndl. .syn. P. /dias\a Royle Kii.xsi Pi.\k 
. 1).K.P., Vl(i), 241 : C.P., 888 ■; FI. Br. Ind., V, 652. 

Kiiasi- Ding-se, dienff^kysi ; Lr.snAi — Far ; Bkngal 
— Saral. 

A medium-.sized to tall tree with more or less 
whorled branches and a rounded crown, found in the 
Kha.si, Jaintia, LiLshai. Manipur and Naga hills of 
Assam, and in the N.F.F.A. It has also been intro- 
duced into the hills of North Bengal. It occurs at 
altitudes of 8cx> 2,4(X) m. and under favourable con- 
ditions attains a height of about 45 m. with a girth 
up to 3 m. or more. Bark thick, reddish grey, deeply 
fissured, peeling off in Hakes ; leaves in clusters of 
three, 15-25 cm. long, slender, usually falling off’ 
during the second year ; male flowers light brown : 
female cones .solitary or in pairs, ovoid, 5.0-7.5 cm. x 
4-5 cm. when ripe ; .seeds without wing 5-8 mm. 
long ; wing about four times the length of the seed. 
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The Khasi pine thrives only on well-drained soils 
like granitic or sandstone rocks covered by reddish 
clay. Al higher elevations, on exposed ridges and on 
shallow soil', the trees hccoinc stunted. It prefers 
fairly moist regions free from extremes of heat and 
cold with an annual rainfall of about 200 cm. Ihc 
tree is a light-demander and wind-firm. Young trees 
arc killed outright by fire, ])ut the older ones are 
fairly well protected by the tliick ])ark. 

Natural rcfrcucratian -'rhe pine comes up pro- 
fusely on loosened soil in places of abandoned or 
shifting cultivation and in areas where the layer of 
dead needles and undergrowtli have been burnt. 
Good seed-years are frequent and the seeds have a 
high percentage of fertility : fresh seeds show a 
germinating capacity of 95 per cent and those stored 
for a year, of about 65 per cent. 

Artificial rcfreurration -h may he done by broad- 
cast souring shortly before tlie beginning of the 
monsoon, or by transplanting nursery-raised seed- 
lings. 'J’hc cones ripen about two years after their 
appearance. To obtain tlie seeds for sowing purposes, 
the ripe cones are collected during February- March. 
They are placed in the sun to oj)en and the seeds are 
readily shaken out. About i.5tH) seeds without wings 
weigh 28- 30 g. 

'riie plants raised in tlie nursery bear transplanting 
well. Seed is sown in Marcli in the nursery beds and 
germination may commence after a few days or it 
may take a couple of weeks. When the seedlings arc 
about 7.5 cm. high, they are pricked out in the 
nursery and planted early in the ensuing rainy 
season. The Khasi pine grows fairly fast. On an 
average it attains a height of about 30 m. and a girth 
of 1.8 m. in 60 -72 years, giving an annual girth 
increment of 2. 5-3.0 cm. (Troup, IIT, 1086-^)). 

Diseases and Rests — Khasi pine is alTected by needle 
rust, Coleosporium setieciatiis Fr. : gall-rust, Cronar- 
tium quercuum Miyabe : and red-belt fungus. Fames 
pinicala Fr. Farvae of a number of insect species 
bore into the newly felled nr dead wood *, larvae of 
Lehcda nahilis Walker and Metanastria spp. feed 
upon needles : beetles and larvae of Blastapliagus 
khasianus Beeson, Ips shanorum Beeson, and Roly- 
^raphus hurmauicus Beeson bore into the bark 
Bagchee & Ujagar Singh. Indian For. Rec., NS., 
A/ycof., 1954. 1 , 280 ; Malhur & Balwant Singh, 
Indian For. Bull., N.S., No. 17 1 (7), 1959, 31]. 

The Khasi pine is wcM adapted for silvicultural 
treatment in even-aged crops either by clear felling 
with artificial or even natural regeneration or by 


successive regeneration fellings witli natural reproduc- 
tion. A rotation of 60 years divided into four regenera- 
tion periods of 15 years each has been followed in 
Assam (Troup, III, 1088). 

Oleoresin -R. insularis exudes an oleoresin of very 
good quality but as the tree covers only a small area 
and that too in remote places, it is not extracted for 
the production of turpentine on a commercial scale. 
The local people tap the trees by a iradilional crude 
method. A hole is cut near the base {)f the trunk and 
a blaze, 120 cm. long and 30 cm. wide, is madi* above 
this notch. The resin exudes copiously from the bla/e 
and is collected. The wood, at least near the blaze, 
becomes soaked with oleoresin. It has been estimated 
that a full-grown tree yields about 30 kg. of crude 
resin from one of these wounds and that the resin- 
encnisted wood contains another 16 per cent of its 
total weight of crude resin. The tree is then felled 
after about a year and the wood is cho|)ped into small 
pieces for distillation of turpentine oil. using earthen 
vessels. 

At present whatever little oleoresin of Khasi pine 
is extracted for commeriial purposes, is obtained in 
much the same way as from R. roxhurirhH ((|.v.). The 
average yield per tree (diam., 30 45 cm.) in ilu* Khasi 
and Jainiia hills has been estimated to be 2.3-2.7 kg. 
per tapping season. The oleoresin is of a semi-solid 
or viscous consistency and possesses a light-yellow to 
white creamy colour and a line odour. ()n steam 
distillation it yields 19-20 per cent (u|) to 23.4".,) of 
turpentine oil and 65 -70 per cent of rosin. A pibu 
plant for distillation of oleoresin from Khasi pine 
was set up in Khasi and Jaintia hills in 1953. 
'Fhe plant working at a ca|)acity of |>rocessing 
1. 1 tonne of resin per day produced iS,i6o litres of 
turpentine oil and 74,640 kg. of rosin in its first 
working year (Saikia et al.. Curr. Sci.. 1951, 20 , 275 : 
Mellon, 34). 

Oil of turpentine from R. instdaris is a coloiirle.ss 
mobile li(]uid with a characteristic odour. Physico- 
chemical properties of the oil are given in Table i. 
The composition of the oil recorded by various 
investigators differs widely. The oil of Burmese origin 
was found to contain 75.6 per cent n-pinene and 19.4 
per cent )8-pinene. The values obtained for the Indian 
oil ranged from 27 to 94.1 per cent for o-pinene and 
2.6 to 1 1.7 per cent for /:^-pinene. Values obtained by 
vapour phase gas chromatograjiby indicate that the 
Indian oil contains 30-40 per cent a-pinene and 60-65 
per cent- /3-pinene (Saikia cl al., loc. cil. ; Singh, ISI 
Bull, 1968, 20, 310). 
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TABI.E 1— PHYSICO-CHEMICAL aiARACTERISTICS OF INMAN TURPENTINE OILS 



'niriu'iitinc 
Voniciil of 
ok'orcsin, % 

Sp. gr. 

Mo 

Wr> 

Chemical coiksi itiieiit.s 

References 

P. i*i‘rardiana 

.39.6 

0.8658 
(at .30“) 

1.468 
(at .30 ) 

•1-18.4" 

(at 30") 

a-Pinene (73%), fi-pincne (7%), 
scs(piiUTprne.«i and .(^cscpiiter- 
pcnc alcohols 

I 

P. insutaris 

20.0 

0.8633 
(.nt 30 ) 

1.4675 
(at .30 ) 

.32.83" 

(at 30") 

fi-Pinenc (71. 7 '* 0 ), ^i-pinene 
(11.7%), longifo'.i’iic and scs- 
c|iiitcrpene.s 

2 



0.8629 
(ai 26 ) 

1 .4649 
(at 28 ) 

-15.88" 

(at 26") 

ii'Piiu'iic (94.l‘;.i)t /i-pitH’iic 
(2.6Vo) 

3 


23.4 

0.864 0.870 
(at 15-5^) 

1.47.3-1.476 

- 6.7" to 
-7.0“ 


4 



0.858-^1.862 
(at .^0 ) 

1.-1688 1.47.SO 
(at .30 ) 


a-Pincnc (30 40 'V,), /3-pinenc 
(60 /)5‘V,), camphcne (1-2%), 
other terjKMie.s (2 6%) 

5 

P. rnxbnrffhii 


0.8658 
(at 27") 

1.47.S5 
(at 27 ’) 

-14.35’ 

(at 27*) 

rt-Pineiie (24%), /3-pineiie 

(9.7",,), A-3-carcne (-37.6%), 
longifolcnc (20.3%) 

6 


• * 

0.8622 
(at 21) 

1.4715 
(at 27") 

8.29' 

(at 27 ■) 

n- and /i-Piiiciie.s (c. 40'’o), A-3- 
and A-4-rarcne.s (r. .^0“„), 
longifolcnc (5V,,) 

3 


15-26 

0.862 0.892 
(at 20 ) 

1.473 1.479 
(at 20 ) 

-12.14' to 
.S.2 

u-PineiiL‘ (20.8 .36.2%), /?-pincne 
(5.2 18.7%), camphcne (1.2 
5.5^','.). A-3-carenc (44.6 
67.5 ‘*.,), longifolcnc (up to 

5.9%) 

7 

P. nattirtiiana 

27.5 

0.857 
(at .30 ) 

1.4627 
(at .30 ) 

1.40.42‘ 

(at .30 ) 

•I Pincnc (87.9'*„), Icrpincol, 
iindccanc and scscpiilcrpcnc 

8 


22.8 

0.8521 
(at 35") 

1.4600 
(at .35") 

4-42.10* 

(at .35 ) 

• 1 -Pincnc (96.2“o) 

3 


' Si monsen, Indian For. Rtr., 1922-23, 9, 345; *Simonscn & Ran, ibid., 1922-23, 9, 111 ; ’’Ciiha Roy, J. Indian Inst. Sci., 1941, 
23A, 201 ; 'Saikia et al., Curr. Sri., 1951, 20, 275; * Singh, IS! linll., 1968, 20, 310; Simonscn & Ran, /. rheni. .Snc., 1923, 123, 
549'r ; M’arbhakar rt at., Indian Oil & Soap /., 196.^ -64, 29, 285; ■* Simonscn & Raw, Indian For. Rvc., 1922 23, 9, 116. 


The turpentine oil from Khasi pine is consiflercd 
to be superior to tliat from P. roxburgliii ((|.v.) and 
is used for similar purjioses. The use of this oil as a 
sj)Ivent for llie extraction of (juinine from cinchona 
Ixirk with low-alkaloid conient has been suggested 
(Saikia ct al., loc. cil. : Saikia, Symposium on 
Essential Oils Aromatic Chemicals, Council of 
Scientific & Industrial Research, New Delhi, 1958, 
32 ; Simonsen & Ran, Indian For. Rec., 1922-23, 
9, III). 

The rosin obtained is a transparent golden-yellow 
solid with the following consents: sp. gr.*'”*"’', 1,064- 
1.085; sap. val., 170.0-176.3; acid val., 166.6-173.4; 
and m.p., 70-72°. Rosin obtained from the Philippine 
samples is pale yellow when freshly prepared, has a 
slight aromatic odour, and contains 74 per cent of 
abietic acid (Saikia et al., loc. cil. ; Santos et al, 
Philipp. J. Sci., 1931, 45, 383). 

The bark contains 7-10 per cent of tannin [Edwards 
et al, Indian For. Rec., N.S., Chem. & Minor For, 
Prod., 1952, 1(2), 153]. 


Timber The wood is intermediate in (piality bet- 
ween kail and chir and is exiensively used locally 
for building purposes. Sapwood is creamy white ; 
heartwood light reddish brown, turning darker on 
exposure, with numerous conspicuous dark lines 
along the grain, denoting resin canals. The wood of 
Khasi pine is more resinous than that of chir. The 
heartwood is fairly straight-grained (though the 
grains are uneven), medium coarse-textured, mode- 
rately hard and .somewhat light (sp. gr., c. 0.53 ; wi., 
561 kg./cu. m.). The timber sea.sons well ; green con- 
version and open slacking of the material in .shade 
are recommended. It is easy to .saw and work and is 
moderately durable under cover. The wood is used for 
ind(K)r construction purpo.ses. It is a good boardwood, 
suitable for planking and packing-cases. The wood is 
also employed for burning in the form of torches and 
as fuel (Pearson & Brown, II, 1042-44 ; Gamble, 708 ; 
Sekhar & Rawat, Indian For., i960, 86, 617). 

Investigations in the Philippines have shown that 
the digestion of wood by the Kraft process yields 
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49.6 per cent of pulp suitable for making bag- and 
wrapping-papers. The wrapping-paper produced is 
very much superior to other commercial papers and 
meets the U.S. Federal Specifications for Grades A 
and B kraft wrapping. The experimental bag-paper 
also compares favourably with commercial bag-papers 
and meets the re(|inrements for Class A heavy-duty 
.sack-kraft paper (Philipp. Abslr., 1965, 6 , 83). 

P. roxburghii Sarg. syn. P. longi folia Roxb. Chir 
PrxE, IIiMAiwWAN I ^)nc;-Lk\ved Pine 

D.E.P.. VI(i), 242 ; C.P., 889 ; FI. Br. hid.. V. 652 ; 
Troup, III, 1036, Fig. 416-20. 

Hindi — Chir, chil, sarala ; other vernacular and 
regional names are mostly derivatives of these names. 

Tradi*: — Chir, chil. 

A tall tree, with a spreading crown, fouml in the 
Himalayas from Kashmir to Bhutan and in the 
Siwalik hills at altitudes of 450-2,400 m. ; ii comes 
up tolerably well in the plains also and is sometimes 
planted in gardens for ornamental purposes. Branches 
more or less whorled ; bark dark grey, often reddish, 
deeply fissured, rough, exfoliating in longitudinally 
elongated plates ; leaves in clusters of three, 20-30 cm. 
long, triejuetrous, finely toothed, light green, jiersist- 
ing on an average for a year and a half ; male flowers 
about 1.5 cm. long, arranged in the form of cones; 
female cones, solitary or 2 5 together, ovoid, 10- 
20 cm. X 7.5-13.0 cm. when ripe, brown, woody : seeds 
winged; without wing 7.5 13.0 mm. x5.<>-6.5 mm.; 
wings long, membranous. 

I’lie chir pine occurs in the Himalayas almost 
exclusively in the outer hills and valleys, which 
receive the hulk of the rainfall during tlie monsoon, 
and it does not usually i-xtend beyond the monsoon 
range, 'riiough normally e\ergreen, it becomes 
deciduous or partly so in arid situations or during the 
<lry seasons, 'fhe chir is a typically gregarious tree, 
forming pure forests over extensive areas, though it 
also often occurs mixed with other .specic.s, parti- 
cularly towards its upper and lower limits of altitude. 
It is commonly associated towards the upper limit 
with Ccdriis dcodara, PUius •wuUichiaua, Oucrcus 
incana, Rhododendron arhorcinn, Lyonia ovalifoUa, 
etc., while towards the lower limit the important ones 
are Shorca rohusia, Atio^cissus latifolia, Ou^cnia 
oojcincnsis, Buchanania lanzan, and Bauhinia spp. 
The chir belt, in which the tree is found pure or 
nearly so over considerable areas occurs at altitudes 
of 6 oo-i,5(x) in. (Troup, III, 1038). 

I’he chir pine usually grows up to 30 m. in height 


and 2.5 m. in girth, with a cylindrical clean hole of 
about 12 m. Under favourable conditions, however, 
it may attain a height up to 54 in. with a girth of 
more than 3 m. In certain first-class localities, trees 
45 111. in height and 3-4 m. in girth, with a clean 
hole of about 18 m., are by no means uncommon, (hi 
shallow soil, exposed ridges and other unfavourahle 
situations, the trees are stunted, with tapering and 
often twisted or gnailed holes, and may not attain a 
height of more than 6-9 m. (Troup. Ill, 1037 ; 
Pearson &L Brown, If, 1037). 

In the pure chir belt, the absolute maximum shade 
temperature varies from 32 to 38"’ {90 to ioo"F.), 
whereas the absolute minimum temperature falls 
below freezing point in most parts of the chir region. 
The normal range of rainfall in the major part of 
the chir belt is kx) 175 cm., the hulk of which falls 
during the monsoon from July to September. During 
winter, besides some rains, there are occasional mild 
snow falls towards the upper limit of chir region. 

The chir grows on a variety of geological forma- 
tions. In the outer Himalayas it occurs on sandstone 
with occasional hands of clay or beds of conglome- 
rate and in the valleys on (|uart/ite. (Jiher Himalayan 
formations on which the tree occurs are mica schist, 
gneis.s, and shales, often with hands of ([uartzite ; in 
some localities it is found also on limestone. Chir is 
one of the least exacting of the Himalayan conifers, 
hut it is intolerant of badly drained ground. It can 
grow on hare rock to an extent seldom seen in many 
other species, hut the trees in such localities are often 
poorly developed. The consistency and depth ol the 
soil and .subsoil, however, appear to have a marked 
elfect on the growth of the trees (Troup, HI, 1044-46. 

P. roxhur^hii is a pronounced light-demander, hut 
in hot situations a certain amount of side shade may 
he necessary for the young trees. It has a massive 
root system and is more or le.ss wind linn. Though, 
in its natural habitat chir is not ordinarily exposed 
to severe frost, it has been found to he frost-hardy. 
Heavy snowfalls cause considerable damage to the 
trees which are somewhat brittle. Even though chir 
has great power of resistance to lire owing to its thick 
hark and recovers from the injury rajiidly, neverthe- 
less damage by lire in chir forests is considerable, as 
the tree is highly resinous and is found on hot, dry 
slopes (Troup, III, 1053-54). 

Natural refrcncralion — It takes place through seeds. 
Under ordinary forest conditions, trees less than 
30-years old .seldom hear cones. The cones begin to 
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FIG. 2»-PINlJS ROXDURGHIl-NATUKAL RHGHNHRATION 


open (luring April-May of the third year, i.e. ahout 
24 months after their appearance and the seeds get 
dispersed during April-July. Under natural condh 
tions the seeds germinate as soon as suffirient 
moisture is available (Troup, III, 1047-48, 1061). 

'Fhe chir is found ahundantly and. to a great 
extent, regenerates the Himalayan forests. A certain 
amount of seed is produced almost every year, but 
a good seed-year occurs once in every 4-5 years. 
Normally, the germination commences at the begin- 
ning of the monsoon. The trees approaching maturity 
with a well-developed crown are selected as seed- 
bearers to effect complete regeneration. A number of 
factors, such as nature of seed-bearers, light, drought, 
topography and soil, s(ul covering and undergrowth, 
fire and grazing, and grass-cutting have considerable 
influence upon the extent and cpiality of natural re- 
generation : suHicient light and well-drained porous 
soils with a covering of burnt needles and ashes of 
other debris are generally very favourable for success- 
ful regeneration. After fire, the trees may regenerate 
hy coppice also (Troup, 111 , 1061-70). 

Artificial regeneration — It is required in areas 
where coniferous forests have been consumed by fire 
and in tlie abandoned sites of former shifting culti- 


vation. In areas with twisted trees, artifit ial regenera- 
tion through the seed obtained from siraight-graiiu‘d 
.stock would he preferable to cheaper natural regene- 
ration from the existing badly Iwisicd trees as this 
character is inherited througli the .seed (C'ham|)ion & 
Trevor, 163). 

Artificial regeneration of chir can he done through 
transplanting nur.sery-raised seedlings or hy direct 
sowing. The mature cones are collected from trees 
during March-April, avoiding the trees with a twist. 
The cones are placed in the hot sun to loo.sen ihe 
scales, and thereafter the .seeds are ihreshed out. Kach 
cone yields roughly 50 seeds, and on an average 350 
seeds weigh ahout 28-30 g. The seeds give 80-90 per 
cent germination with a plant .survival of 37 per cent. 
About 500 g. of .seeds give 1.500 1,700 plants for 
iran.splantation (Troup, HI, 1048 50, 1068 : CMiampion 
& Trevor, 73). 

The seeds are sown in the nursery during March - 
April in shallow drills 15 cm. apart. The seedlings are 
pricked out in July, 15 cm. apart in lines about 23 cm. 
apart. One- or two-year old seedlings are usually 
transplanted at the beginning of the rains ; in the 
second year the .seedlings in the nursery are spaced 
at about 30 cm. X40 cm. During transplanting parii- 
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cular care is necessary to avoit! injury to the long 
tap-root. For artificial regeneration of chir for exten- 
sive afforestation purposes direct sowing is preferable, 
since in the Himalayas chir does not stand trans- 
planting well. l"or direct sowing, seeds do not retpiire 
any special preparation or treatment and are sown at 
the commencement, or a little before the break of the 
monsoon. Germination and plant survival percent- 
ages are normally liigh. A spacing of 1.5 in. x 1.5 m. 
is generally considered sulficient. Chir pine can he 
grown in the plains of northern India, if it can he 
made to survive the first hot weather drought. Air- 
layering two-year old liranches during April-May 
has been successful (Troup, III, io6S-6y ; Dulta & 
Tomar, Indian For., 1964, 90 , 196: Kedharnath & 
Dhaundiyal, ibid., 1963, 89 , 2.y). 

The rate of growth of the chir seedlings is depen- 
dent on various conditions under which they grow. 
Under most tavourahle conditions five-year old plants 
begin to put on normal heigh t-gro will, but under less 
favourable conditions it may take 12 years. 
During the fifili season plants grown under nursery 
conditions attain a height of about 1.8 m., while the 
average height of natural forest plants is under one 
metre. 'Hie growth is maximum during sjiring 
(Troup, III, 1052 53 ; Champion Trevor, 84). 

'rhe most suitable system of management of the 
chir pine is that of shelterwood compartment coupled 
with controlled burning of fallen litter in winter. 
Owing to its tendency to regenerate wherever possible 
in even-aged masses, chir is now mostly worked as 
even-aged forests under regeneration fellings by 
periods. Rotations adopted vary from 90-160 years 


and the regeneration periods from 20 35 years (Khan, 
Indian For., 1943, 69 , 201 ; Troup, III, 1071-72). 

The rate of growth of the chir pine varies greatly 
according to its habitat and other factors. Under 
suitable conditions the rate of growth is fast (annual 
girth increment 5.3-“8.() cm.) hut in rocky, exposed 
sites, rhe rate of growth is much slower (annual girth 
increment 0.7-1. o cm.). A large number of trees show 
an annual girth increment of 1.3- 1.4 cm. ’I’lie trees 
are ready for felling when they are about 40 years 
old and 12-20 m. in height (Gamble, 707 ; Troup Ilf, 
1083). 

Three quality classes of chir crops are recognized 
.according to height-growth data. 'I here is, however, 
an inferior type of stunted chir. usually forming 
rather open crops, consisting of the trees seldom 
attaining a height of more than 20 m., even when 
150 years of age. Such crops are hardly of any 
economic importance. Data concerning the growth 
and yield of the three (|ualitv classes of even-aged 
chir crops are summarized in 'lahle 2 (Troup, 111 . 
1079-80). 

The areas under P. roxbnr^fiii in Himachal 
Pradesh, Jaininu and Kashmir, Punjab and Uttar 
Pradesh and the annual out-turn of its timber in 
these States are respectively as follows: Himachal 
Pradesh — 1 15.405 ha., 30.330 cu. m. : Jammu and 
Kashmir — 158,813 ha., 7.050 cu. m. ; Punjab — 
12,765 ha., 3,010 cu. m. : Uttar Pradesh — 412,000 ha., 
166,370 cu. m. (Information from the Central 
Silviculturi.st, F.R.I., Debra Dun). 

Diseases and Pests — The chir pine is affected by a 
number of rusts and wood-rot diseases. Cronartiinn 


TABI.Ft GROWTH AND YIELD OF THE EVEN-AGED CHIR CROP.S* 
((.hialily classes I, 11 & 111) 


(yrs) 

Meal) height 

^ JV 

(111.) 

Mean (liain. (ciu.) 

(1.27 in. above ground level) 

.. JL. 

Nn. of 

trees per 

hectare 

Final yield nf stem 
limber |)er hectare 
(cu.m.) 


f 



f— 



r 



f 





1 

II 

Ill 

1 

11 

111 

1 

11 

111 

1 

11 

111 

20 

9 

6 


10 

4 

2 

2.491 

2.707 


0 

0 

0 

40 

19 

14 

10 

26 

1« 

11 

.541 

H77 

I.■I42 

150 

24 

0 

60 

27 

21 

16 

29 

20 

21 

2S2 

290 

526 

.127 

179 

72 

KO 

24 

11 

21 

.SO 

41 

22 

IKO 

217 

272 

479 

208 

180 

100 

.-H 

21 

2.S 

61 

52 

44 

I.U 

142 

158 

568 

282 

245 

120 

41 

24 

27 

66 

.S9 

51 

119 

116 

119 

612 

416 

268 

NO 

42 

25 

27 

6S 

62 

.55 

111 

109 

104 

642 

440 

281 

160 

4.^ 


2S 

69 

62 

56 

111 

106 

lOI 

657 

459 

282 

* Howard, Indian 

1 For. Wet 

I92.S 26, 

12, 164. 










71 



PINUS 

himalayense Bagchce, with its aecial stage as Perider- 
mium himalayime Bagchce, attacks stems, causing 
blisters on the bark ; the affected tree may die. 
Peridermium orientale Cooke attacks needles, but the 
damage is not very serious. Hysterium pinastri Schr. 
causes diseases of nursery seedlings ; the needles are 
attacked, and badly affected seedlings die. Needle- 
rust caused by Coleosporium campanulae Lev. is also 
frequent, but the damage is not serious. Among the 
wood-rotting fungi Fomes annosus Cooke, F. pini 
Lloyd syn. Trametes pini Fr. and Poria monticola 
Murr. attack the living trees ; Fomes pinicola Cooke, 
Polystictus abietinus Fr. and Lenzites spp. have also 
been recorded on the wood. A number of insect pests 
have been recorded on chir. Chlorophorus strobilicola 
Champion destroys the cones. Larvae of species of 
Anomala, Granida, Hilyotrogus and Popillia damage 
seedlings in the nurseries. Beetles and larvae of the 
species of Cyrtepistomus, Athalia, and Pygaera defo- 
liate and the beetles belonging to the genera Aetheo- 
morpha, Aphthona and Colasposoma gnaw the 
needles. Beetles and larvae of several insects of the 
family Scolytidae bore into the bark and young 
branches. Dead and fallen wood is attacked by a 
large number of borers, particularly the species of 
the genera Anthaxia, Capnodis and Criocephalus 
[Raizada & Sahni, Indian For. Rec., NS., Bot., i960, 
Sf 1 16; Puri, Indian For. Bull., NS., No. 179, 1955, 
7 ; Mathur & Balwant Singh, ibid., No. 171(7), 
>959. 3>]- 

Turpentine Oil 

Oleoresin from chir is the main source of turpen- 
tine oil in the country. There are two methods of 
tapping: (i) light-tapping, which consists of making 
a moderate number of blazes in the trees not to be 
felled in the near future ; and (u) heavy tapping, also 
termed ^'tapping to death”. In heavy tapping as many 
blazes as possible are made on the trees which will 
be felled within five years. Normally, the tapping 
commences in March and continues till November, 
after which the flow of resin practically ceases. In the 
light-tapping cycle, the trees are tapped for a period 
of four years, followed by a rest period of eight 
years. The yield of resin varies greatly ; it may be 
estimated at about 187 kg. per 100 blazes (Troup, 
III, 1076, 1078). 

The present total production of oleoresin in the 
country is estimated at c. 45,000 tonnes per annum. 
The quantities of oleoresin produced in different 
States are given in Table 3. 


For turpentine oil extraction, the crude oleoresin is 
first purified by melting in steam-jacketed containers, 
provided with spiral mixers, and removing the impu- 
rities such as chips and lighter particles which float 
to ;the top, and sand and silt which settle at the 
bottom. The clarified resin is then distilled in steam- 
jacketed or Vacuum stills. The turpentine oil which 
collects in the top layer of the distillate is drawn off, 
passed through lime water to remove rosin acids, and 
rectified and fractionated into light (Grade I) and 
heavy (Grade II) grades. The oil is then dehydrated 
with common salt and anhydrous sodium sulphate. 
Before marketing, the dehydrated product is stored 
in tanks when any water still remaining over settles 
to the bottom and is drained off. 

About 40 kg. of oleoresin yields on the average 
about 8.0 litres of first grade turpentine, i. 0-1.5 litres 
of other grades and 29-30 kg. of rosin ; in other 
words, the average yield of total turpentine oil is 
about 22 per cent and that of rosin about 75 per cent 
of the oleoresin. The yields vary with localities, 
depending much upon the time of the year when the 
oleoresin is collected (With India — ^Industrial Pro- 
ducts, pt III, 227 ; Dutt, Indian Oil & Soap /., 1960- 
61 , 26 , 3 ). 

Turpentine oil is a clear, transparent liquid with a 
pungent and somewhat bitter taste. On storage or 
exposure to air, the characteristic odour and taste of 
the oil become stronger and less pleasant. Table i 
gives the physico-chemical properties of the Indian 
turpentine oil from P. roxburghii. The average com- 
position of the oil is: a-pinene, 20-30; j&-pincne, 
5-10 ; A-3-carene, 55-65; and longifolene ahd other 
terpenes, 2-10%. Tlie presence of ^-carene, jS-longi- 
folene (C,5Ha4, h.p./g mm. 126-28°) and longicyclene 
(CisHa^, b.p./2 mm. 82°) has also been reported (IS: 
533~>954 ; Parbhakar et al., Indian Oil & Soap J,, 


TABLE 3-PRODUCnON OF RESIN IN DIFFERENT STATES* 
(tonnes) 



1962 ^3 

1963-64 

1964-65 

1965-66 

1966-67t 

Himachal Pradesh 

8,743 

13,865 

8,781 

9,768 

14,736 

Punjab 

4,951 

5,373 

6,272 

310t 

333t 

Jammu & Kashmir 

3,316 

2,870 

3,088 

n.a. 

2,787 

Uttar Pradesh 

12,707 

15,009 

21,093 

24,353 

26,652 


* Information from the Central Silviculturist, Dehra Dun. 
I The total royalty received by the State Forest Departments in 
1966-67 is stated to be Rs. 31.37 millions, 
t Reorganized Punjab. 
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1963-64, 29 , 285; Singh, ISI Bull., 1968, 20 , 310; purity for the manufacture of synthetic camphor and 
Ghatgey & Bhattacharyya, Perfum. essent. Oil Rec., the intermediate product camphcne. Several com- 
1956, 47 , 122 ; Verghese & Gulati, /. sci. industr. Res., pounds, useful in insecticide and perfumery indus- 
1951, 10 A, 1 12; Nayak & Sukh Dev, Tetrahedron tries, can be obtained from camphene. A-3-Carene, 
Lett., 1963, 243). the major constituent of the Indian turpentine oil 

The quality of turpentine oil produced in the can be employed for the manufacture of terpineols. 
country varies considerably and depends upon the synthetic oil of pine, terpin-hydrate, etc., which were 
area from where it is obtained and the method of earlier produced from pinencs. Longifolene deriva- 
collection, storage and processing of the oleoresin. tives arc increasingly used in the perfumery industry. 
The Indian turpentine is characterized by its com- An insecticidal preparation, longifolyl thiocyano- 
paratively low pinene and high carene contents, and acetate, has given encouraging results as a contact 
is similar to the Russian turpentine oil (from P. poison against aphids. jS-Pinenc finds application in 
sylvestris) in some respects. Indian turpentine is consi- the manufacture of many products including 
dered inferior to the American product (from P. synthetic resins and perfumery chemicals. In addi- 
taeda and P. caribaea) due to its low pinene content ; tion, fractionation of turpentine oil yields a number 
also it gets oxidized easily owing to the presence of of other products including the valuable dipentene 
carene and leaves a residue on evaporation due to [Singh, loc. cit. ; Sat Bir et al, Indian J. agric. Set., 
the presence of longifolene. American turpentine 1959. 29 ( 4 ), 52]. 

consists almost entirely of a- and )8-pinenes (Singh, TTie oil recovered after fractionation of a-pinene is 
loc. cit. ; Finnemore, 94. 65 ; Menon, 34). known as the distilled oil of turpentine and contains 

Uses^Thc Indian turpentine is chiefly used as a predominantly A-3-carcne. This pinene-free oil is 
solvent, especially for thinning paints and varnishes, reported to be comparaWe as a solvent to the natural 
It is also used in pharmaceutical preparsitions, per- turpentine oil and is being used by many industries, 
fumery industry and in the manufacture of the pine tar is produced by blending the terpencs 

synthetic pine oil, disinfectants, insecticides and available as by-products in the manufacture of 
denaturants. The Regional Research Laboratory, synthetic camphor. It is being used by the rubber 
Hyderabad, has developed a process for the manu- manufacturers in place of the imported product 
facturc of chlorinated turpentine (60-80% chlorine), obtained by destructive distillation of the pine wood, 
the insecticidal properties of which arc reported to The production of pine tar by destructive distillation 
be comparable to DDT in its action against house of the wood is not feasible in the country because of 
flics, mosquitoes, and cockroaches. The chlorinated the scarcity of pine wood supply and the poor 
turpentine can be used as kerosene oil solutions, economics of such a project (Singh, loc. cit.). ^ 
water dispersible pastes and powders. Denaturants ^ The turpentine oil is valued in medicine and 
for use in ethyl alcohol arc produced from turpentine is included in the Indian Pharmacopoeia and the 
oil (Menon, 34 ; Bharat Bhushan & Husain Zahecr, Indian Pharmaceutical Codex under the name Oleum 
J. sci. industr. Res., 1953, 12 A, 287 ; Verghese & terebinthinae. Most of the therapeutic uses of the oil 
Yeddanapalli, Chem. Age, India, 1952, Scr. 5, 103; may he attributed to its local irritant action; it is 
Ahmad et al, Pakist. J. Sci., 1961. 13 , 61). also feebly antiseptic. During its elimination through 

The turpentine oil is one of the most important ^be mucous membrane of the lungs it acts as^ an 
basic raw materials for the synthesis of terpene expectorant and is useful in chronic bronchitis , it is 
chemicals which are used in a wide variety of especially recommended in the treatment of gangrene 
industries, such as adhesives, lubrication additives, of the lungs. It has been found beneficial as a carmi- 
synthetic resins, solvents, plasticizers, paints, native in flatulent colic. It is also used to arre^ minor 
varnishes, soaps, perfumery, cosmetics and paper haemorrhages in tooth-sockets and nose. In the form 
and rubber chemicals. Most of these chemicals arc of enema the oil is useful in obstinate constipation, 
based on a- and ) 3 -pinenes, which arc separated from tympanites and seatworm infestation. Externally it 
the oil by fractionation. The oil produced in India w used as a ruhefacient in various rheumatic a cc- 
is, however, low in pinenes and, till recently, was not tions, such as lumbago, arthritis, and neuralgia. In 
being used as a source material for these chemicals, ihe form of turpentine stupe it is used as a counter- 
A beginning has now been made for the recovery of irritant in various deep-seated inflammations, espe- 
its various constituents, particularly a-pinene of high cially of the abdomen (I.P., 440 ; I.P.C., 192-93). 
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Grades and Production — ^Thc mam if. ict lire of 
turpentine oil from llie chir pine is a well established 
industry in Intlia. The Fndian Standard on turpentine 
recognizes two grades, viz. Grade I and Grade II, the 
reipiirements of which are given in Table 4. Grade I 
is intended to cover the re(|uircmenrs of the material 
for pharmaceutical and perfumery purposes and is 
preferred for the manufacture of high class paints. 

There arc three units in the organized sector which 
are producing turpentine oil in the country, viz. 
(/) M/s Indian Turpentine & Rosin Co. I^td., Bareilly, 
(/V) M/s Him.ichal Rosin & Turpentine Factory. 


TABLE 4-lNDIAN STANDARD SPECIFICATIONS FOR OIL OF 
TURPENTINE* 


Characteristics 

Requirements 


Gradi* I 

(hade II 

Colour 

Water white 


ail-' 

S|I. gr.,.,. 

0.S520 0.H620 

0.8520-0.8720 


I.46HO I.47HO 

1.4680-1.4750 

Aciil vaL, max. 

0.5 

1.0 

Residue on evapora- 
tion, "0 max. 

1.0 

2.0 

Solubility : 
in 90"',, alcohol 
in 95 "0 alcohol 

7.0 vols. 

1.5 vol.s. 

7.0 \ols. 

1.5 vol.s. 

Distillation range: 

Ktinning point, max. 
Stop point, min. 

Nil at 155’ 
96;' at 180 

I'V, at 150* 
85'Y. at 180 

Flash point, min. 

35" 

.35 

Cnpolymerizahle 

6 

11 


iiKiiU’r, max. 
• LS : 1954. 


(ri) Not darker than a freshly prepared solution of 0.0(11 g. of 
potassiiim dichromate made up to 100 ml. with distilled water 
aeidulaled with sulphurie acid. 


Nahan, and (///) The Government Rosin & Turpen- 
tine Factory, Miran Sahib, Jammu. I’he production 
of turpentine oil in the organized sector is given in 
Table 5. Besides these three units, there are about 
20-25 small scale units which are producing 
turpentine. Reliable statistics relating to the output 
of tlic small units are not available, but it is estimated 
that their production of turpentine oil put together 
is ecjual to the combined outj)ut of the three units in 
the organized sector. The total proiluction of the oil 
is sufficient to meet the internal demand (Informa- 
tion from the Directorate General of Technical 
Development, Govt, of India, New Delhi). 

'riie distilled oil of turpentine and the pine tar are 
produced only in one unit, namely Camphor & Allied 
Products Ltd., Bareilly, which was set up in 1964. 
These items are obtained as by-products in the manu- 
facture of synthetic catnplior. 'fhe production figures 
for distilled oil of turpentine during 1964, 1965 and 
1966 were 868.9, 1,237.6 and 1,020.0 tonnes respec- 
tively. Annual consumption of pine tar in the 
country is estimated at 20,000 tonnes and till 1965 the 
entire (juantity was imported (Singh, loc. cit.). 

Pine Oil -'riie natural pine oil is obtained by 
ste.Tin distillation of the wood of Pinus spp. : it 
contains 5-10 per cent ethers and 20-25 per cent 
terpene hydrocarbons, the rest being terpenc 
alcohols. Synthetic pine oil is manufactured from 
turjrentine oil. A jirocess (Indian Pat. No. 48429, 1952) 
has been developed by which pinenes, along with 
carenes and longifolene in turpentine oil, can he 
hydroxylated and esterilied to give a mixture of 
terpeneols and terpene ethers, which are the main 
constituents of pine oil. The synthetic product. 


TABLE 5-PRODUCTION OF TURPENTINE OIL, PINE OIL, AND ROSIN* 



Turpentine Oilj 


l*ine Oil 

Rosin t 



Qty 

(kl.) 

Val! 

(thou.sand Rs.) 

Qty 

(tonnes) 

Val. 

(thousand Rs.) 

r 

giy 

(tonnes) 

Val. 

(thousand Rs.) 

I960 

2,794 

1,676 

60 

240 

12,211 

20,026 

1961 

2.838 

1.347 

126 

604 

10.1.56 

1.3,507 

1962 

3,263 

3.447 

143 

535 

13,633 

.’0,926 

1963 

3,378 

2.008 

231 

7.55 

11, .380 

15, .344 

1964 

3,297 

.3,297 

348 

1,148 

1.3,658 

16,619 

1965 

3,645 

3,834 

299 

n.H. 

1.3,385 

18,895 

1966 

3,451 

3 . 2.35 

.56 

n.a. 

12,631 

1.3.380 

1967 

6,991 

7.495 

3.50 

n.a. 

I3..545 

16,961 


• Information from the Directorate of Technical rx^vclopment. Govt, of India, New Delhi. 
I Production in organized sector. 
n.a. not available. 
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obtained by ibis process in a yield of 40 50 per cent, 
is a light straw coloured, viscous li(]uid, with a 
characteristic pleasant odour and a bitter, slightly 
pungent taste ; it contains 50 per cent lerpene alcohols 
and 14 per cent terpene ethers. The synthetic pine oil 
is as good as the natural oil in its uses and, as a 
deodorant, it is even belter lhan the natural product. 
The residual tnr|)entine oil, recovered after the pro- 
duction of the pine oil. has superior keeping (juality 
than the original oil, anti can be used with advantage 
for the same purposes as turpentine. 

'I’he pine oil finds a wide range of industrial 
applications. It is used in paints, varnishes, lact] tiers, 
distempers, soaps and detergents, and in perfumery 
and pharmaceuticals. It is employed as a wetting 
agent in textiles, a degreasing agent in leather manu- 
facture and as a synergist for insecticides. It also finds 
use in mining industry as a frothing agent to con- 
centrate ore deposits by flotation process. Ft is suit- 
able for use in the paper and rubber industries and 
in the preparation of floor waxes, furniture polishes, 
shoe creams, metal polishes and printing inks (/. sci. 
iudustr. Res., 1956, ISA, 199 ; Naik, hidustr. India 
Annualy 1962, 179: Res, hid., 195H, 3 , 202). 

There is only one unit in the country (First Pine 
Oil Factory, lloshiarpur), which is producing 
.synthetic pine oil from turpentine. It has a capacity 
of ^^,o(M) tonnes of pine oil per annum. Table 5 gives 
the production of pine oH in the country during 
recent years. 

Rosin (lIiNni -Biroza) The rosin is obtained as 
the .solid residue in the distillation of the turpentine 
oil from the oleoresin. It is recovered from the still, 
after melting, hy pa.ssing high pressure steam through 
the jacket. The molten ma.ss is strained through 
filtering trays and filled into wooden ca.sks, where it 
is allowed to cool for i 2 days before marketing. The 
yield of rosin is about 75 per cent of the (|uantity of 
oleoresin distilled. The (juaniiiy and value of the rosin 
produced in the country in the organized sector is 
given in Table 5. 

'Fhe rosin is faintly aromatic and occurs in the 
form of transparent or slightly translucent brittle 
lum|)s with a glassy structure. It is classified according 
to its colour into three types, viz. pale, medium and 
dark, which are further divided into eight colour 
grades. The Lovihond colour values of lhe.se grades, 
as prescribed in draft Indian Standards arc given in 
Talile 6. The rosin is solidde in ether, chloroform, 
light petroleum, alcohol, acetone, and most volatile 
and fixed oils. It con.sists mainly of a mixture of acids, 


partly in the form of anhydrides ; the principal acid 
is abietic acid. A small amount of esters may be 
present. The rosin is not usually adulterated as it is 
probably one of the cheapest resins available in 
the market. 'Phe Indian Standard Specifications 
proposed for various types of rosin are given in 
Table 7 |ISI Doc: C 1 )C 11 (3925), June, 196S — First 
Revision of IS: 553-1955 : Thorpe, III, 295 ; Hill, 165I. 

The rosin is principally used in pa|Kr. soap, 
cosmetics, paint, varnish, rubber and polish industries. 
It is employed as an ingredient of priming inks, 
casein glues, and as a binder in |)lasiics, dry battery 
and insulating compositions : it al.sf) finds application 
in linoleum and roofing cements. It is utilized in the 
manufacture of fireworks, match coin|)()sitions, shell 

TABI.E 6-COl.OlJR STANDARD.S PRESCRIBED FOR VARIOUS 
GRADES OF ROSIN* 


'rype 

(*rade 

I.ovibond colour value 




Ked 

YelUm 

niiK 

Pale 

X 

l..kS 

1.^.0 



wvv 

!.«.> 

I9..> 



\v(; 

2.6 

.^0.0 



N 

.L6 

41.0 


Medium 

M 

1.9 

.si.n 



K 

6.2 

6(MI 



ir 

12.0 

100.0 


Dark 

D 

7.vtl 

160.0 

.^.0 

♦I.SI Doc 

: 1!IH: II 

(.192.S». June 

|96S First Revision 

of 


IS : 55J -I9.\V 

TABLE 7— DRAFT INDIAN STANDARD SPECIFICATIONS FOR 
VARIOUS TYPES OF ROSIN^ 


Characteristics 


KeipiiremeiU for I 



Pale 

Medium 

Dark 

Coloiirt 


. . 

• • 

Softening |Miint 

.S.S 6.S 

55 65 

.\S 65 ’ 

Sp. gr.--"'- 

1.05 I.OS 1.05 I.OS 

1.05 1.10 

Acid val., min. 

160 

160 

160 

Volatile matter, % 
max. 

2.0 

2.0 

2.0 

A.sb contenl, 
max. 

0.5 

0.20 

t)..50 

Matter insol. in 
toluene, 'Vi max. 

0.1 

0.4 

1.0 

Dnsapon. matter, 
max. 

6.0 

6.0 

6.0 

♦IS! Doe: CDC 11 

(4925), 

June 1968- First 

Revision of 


I.S:55.t I95.S. 

* Fcir colour rct|iiircmriiis see Tabic 6. 

Note: Additional rc<niircmcni.s of rosin for rubber, soap, and 
<»llicr specialized uses are also prescribed in ilie Standard. 
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explosives, insecticides and disinfectants and enters 
into certain lubricating compositions and hair fixing 
and nail polishing preparations. The rosin is an 
ingredient of core oils and is also used as a flux in 
soldering and tinplating. It is applied to reduce 
slipping and also to hows of musical instruments for 
ensuring proper contact hetween the how and the 
string. Rosin is employed in brewing and in mineral 
heneliciation as a frothing agent. It is iitili/.ed as a 
source of rosin oil, rosin spirit, rosin pilch and ahietic 
acid (With India — Industrial Products, pt III, 231 ; 
For, Rvs, India, 1952-53, pt I, y). 

Rosin Oil and Rosin Spirit -On destructive distilla- 
tion the rosin yields 3-10 per cent of a lighter frac- 
tion, called rosin spirit or pinoline, and 80 85 per cent 
of a denser fraction, known as rosin oil. The rosin 
spirit is a pale yellowish oil (h.p. 70-250°) consisting 
of hydrocarbons and oxygenated substances. It is 
used as an illuminant and as a suhstitulc for turpen- 
tine oil in the varnish industry. The rosin oil is a 
viscous brown licpiid (sp. gr.. 0.98-1.10) with a green 
lluorevscence and consists of ahietic acid (CayH^Oa), 
phenols, and complex hydrocarbons . With 

lime it forms rosin grease, which is used as a lubricant 
in wagon and trolley wheels, and in various other 
types of machinery. The rosin oil finds application in 
ilie manufacture of printer's ink, varnishes and anti- 
septics. It is sometimes used as an adulterant for oils, 
especially hoileil linseed, olive, rape and sperm oils. 
Use of the rosin oil as a hinder for the production 
of inicanite from mica splittings has also been 
suggested (Zutshi, Indian Soap /., 1958-59, 24 , 92 ; 
Patel & Guha, Curr, Sci., 1950, 19, 128). 


Pine Needle Oil — ^Thc young twigs and fresh 
needles and cones of several Pinus spp. yield a valu- 
able essential oil, known as the pine needle oil ; the 
term pine needle oil, as employed in trade, however, 
includes also the oils obtained from fir [Abies spp.) 
and spruce [Picea spp.) needles. The oil has a refresh- 
ing 

scenting of soaps, in bath preparations, room sprays, 
deodorants and similar products. It is produced on a 
commercial scale in a number of European countries. 
Although needles arc available in India in large 
cpian titles from felled pine trees, they have not yet 
been exploited for this purpose. A profitable cottage 
industry can be developed if portable stills are 
installed in the felling areas and the oil distilled on 
the spot (Choudhary et al,, Indian Oil ^ Soap 
1959-ix), 25 , 306 ; Guenther, VI, 245). 

On steam distillation, the needles of P. roxhurghii, 
collected from the hilly regions of Jammu & Kashmir 
are reported to give 0.26 per cent of a colourless 
volatile oil possessing a strong balsamic odour. The 
physico-chemical properties of the oil are suinmari/ed 
in Table 8. The oil contains a- and /J-pinenes, A-3- 
carene, a-limonene, a-phellandrene, borneol, borneol 
acetate, longifolene and a-cadinene. Distillation of 
the green needles and green twigs, collected from 
Debra Dun, gave oils in yields of 0.080.24 
and 0.27-0.62 per cent respectively. The oil obtained 
from the needles was pale yellow in colour, with a 
true balsamic odour and was of better (piality than 
the oil from the twigs which was colourless and had 
turpentine like odour. The needle oil from /^ ro.v- 
Imrgliii shows antibacterial activity against a number 


pine-wood odour and is used as an adjunct in the 


TABI.E A-PHYSICO.CIIFM1CAI. CHARACTERISTICS OF PINE NEEDl.E AND a)NE OIUS 




P. roxhurghii 

.JL 


/*. 

itallkhiana 


N^Jccllcs' 

Needles* 

Twigs* 

Nec< lies' 

Cones" 

Yield, 

0-26 

0.08 0.24 

0.27 0.62 

0.5 

.. 

Sp. sr. 

0.8616 
(at 25^) 

0.8763-0.8873 
(at 20 ) 

0.8703 0.8823 
(at 20") 

0.85.S0 
(at 30") 

0.8757 
(at 15*) 

f-l.. 

-8.7' 

+ 2.5 • to 12.25" 

16.33 to 11.5“ 

-17.4^ 

-32.75" 

"I. 

1.47.U 
(at 25“) 

1.4799 1.4868 
(at 20”) 

1.4742-1.4785 
(at 20") 

1.4700 
(al 30^) 

1.4735 
(at 20”) 

A('i(l ^al. 

0.8 

1.6 8.1 

0.4 5.3 

0.6 


KsUts (as Ixirnyl 
.‘U'ctaif). % 

4.8 

7.7-13.0 

5.4 8.0 

2.5 

2.0 

Solubility in 9()'Y, 
alcohol 

5 vols. 

•• 

•• 

4 vols. 

5 vol.s. or more 


Oaioiiclli.'irv vt itl., Imlifin Oil & Soap /., 1959 -60, 25 , 506; * Karnik et at., Indian For., 1964, 90 , 826; ^ Cilciemcistcr ^ Hoffmann, 
IV, 218. 
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of organisms including Escherichia coH, Slaphy- 
lococciis aureus, Saluionella lyphosa and S. paratyphi 
(Choudhary el ai, loc. cir. ; Karnik el ai, Indian For,, 
1964, 90, S26 ; Chopra ct al., J. Amcr, phann. /I .vs., 
sci, Edn, i960, 49, 780). 

Pine Wool- -The exhausted needles, after the ex- 
traction of the essential oil, can he converted inio o 
fibrous material callcfl pine wool. The needles arc 
boiled in a two per cent caustic soda solution to 
loosen the resinous and non-filirous materials which 
are suhsetiueiuly separated by repeated heating. The 
needles are then thoroughly washed in running 
water and dried in the sun. The long thin fibres so 
obtained consiitute the pine wool of commerce. They 
still retain the faint odour of the pine and can he 
bleached to a pure white colour. Pine wool is con- 
sidered vermin-proof and is usetl for stiifling pillows, 
cushions, and mattresses. Tt is also suitable for use 
as a packing material for fruits (Batham, Bull, Dep. 
hid, & Comm,, United Provinces, N,S,, No. 30, 1942 ; 
Varma & Shukla. Btdl, reg. Res, ImI),, Jammu, 1962, 
1. 5«). 

Timber 

Chir is one of the most widely used commercial 
timbers in the hills and plains of northern India. 
I/irge (|uantities of it are floated down the rivers 
from the Himalayas for utilization in the plains. 

The sa|)wood is white to creamy-white : the heart- 
W(hk1 is light red when first exposed, turning reddish 
brown with age, with well markeil annual rings and 
dark lines along the grain denoting longitudinal 
resin canals. The wood has a resinous odour wlieii 
freshly cut. It is straight- or nearly straight- to 
strongly-twisted and uneven-grained, medium coarsc- 
textured, and moderately hard and heavy (sp. gr., 
0.58-0.68 : wt., 529-609 kg./eu. m.). The chir wood is 
generally (juite strong for its weight, hut its strength 
is largely dependent upon the straightness of the 
grain. 'Phe wood with even a slight twist of the fibre 
is diflicult to saw ; badly twisted wood cannot he 
chopped easily even into fuel billets. Though it has 
not been possible to correlate the existence of twist 
with any particular factor, the trees with twisted 
fibre are more prevalent in Kumaun and Carhwal 
hills than in any other locality (Pearson & Brown, II, 
1039-40). 

The timber is not difficult to air-season if stocked 
in well ventilated open piles, preferably under cover. 
Rapid drying in the open gives rise to a certain 
amount of surface cracking, while close-piling in a 


damp atmosphere results in fungal attacks. Green 
conversion, followed by seasoning for about 12 
months gives the best results. When sawing for 
sleepers, it is advisable to eliminate the wood from 
near the centre as it is liable to tievelop mild star- 
shakes. The chir wood can also he kiln-seasoned 
without much difficulty, though resin is liable to 
exude on the surface during the process ; 2.5 cm. 
thick planks take 5-7 days to dry anil retjuire an 
initial steaming for 2 hours at 55"^^/ 100 per cent R.H. 
for sterilization (Pearson & Brown, Tl, 1040 : Rehman, 
Indian For, Bull,, N,S,, No. 198, 1956). 

The chir timber is not very durable in exposed 
situations : graveyard tests on natural durahilitv 
showed a life of 2-5 years. Tt is, however, i|uiie 
durable under cover. The wood lends itself readily 
to pre.servalive treatment, both by ojn-n tank and 
pressure processes. Tt is easy to saw and work by hand 
or by machine, though its resinous nature tends to 
clog saw teeth. It can he brought to a fine snRM)th 
surface : paint and enamel finishes are preferred to 
shellac j)olish. as the latter dulls rapidly. 'Ihe data 
for the comparative suitability of the wood expressed 
as percentages of the same jiroperiies of teak are: 
wt., 85 : strength as a beam, 70 : stillness as a beam, 
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85 ; siiitabiliry as a post, 75 : shock resisting ability. 
80 : retention of shape, 65 ; sliear, 80 ; and hardness, 
60 (Pearson &r Brown, TI, 1041 : Piiriisliotham et ah, 
huliftn For,, 1953, 79 , 49 ; Masani, ibid., 1964, 90 , 
229 : Ijiinaye. Indian For. Rcc„ N.S.y Timb. Mcch., 
1954, 1 , 57, Sheet No. 16). 

'I’he wood is in great demand in northern India, 
and is an excellent all-roimd cheap tiinher of the deal 
class. It is used extensively for constructional 
pur|)oscs. such as rafters, posts, hoarding, door and 
window frames and other house fitments, and occa 
sionally as l)eams. Tt is also used for cheap joinery 
aiifl furniture, packing cases, truck and hits bodies, 
cores of laminhoards, and electric transmission poles. 
When treated witli preservative, the wood can he 
used for railway sleepers with a life of ahout 17 years, 
ft is also used in fair (piantities for miscellaneous 
work in the construction of railway carriages and 
wagons (Pearson & Brown, TI, 1041 : 'Protter, 1944, 
151 52, 207-08, 215, 220 21 : Masani, loc. cit.). 

Tt is a good fuel wood and the timber from twisted 
useless trees is often used for making charcoal : 
calorific value: sapwood -4,967 cal., 8,941 B.t.u. : 
heartwood — ^^^,063 cal., 9,114 B.t.u. (Krishna & 
Ramaswami, Indian For. Bull., N.S., No. 79, 1932, 21 : 
Puri & Cupta, Indian For., 1954, 80 , 352). 

The chit* wood is a suitable raw material for making 
paper pulp. Analysis of the wood gave the following 
values (oven dry basis): cellulose, 53.5; lignin, 28.6: 
pentosans. 7.2 : ash, 0.25 : hot water extr., 3.4 : alkali 
(Pm) extr., 13.2 : ether extr,, 3.4 ; and alcohol benzene 
extr., 2.PV,. Digestion of the wood chips by sulphate 
process (temp., 170° : period, live hr : con.smnption of 
chemicals, 21% : bleach consumption, 8%) gave 
bleached pulp in a yield of 40 per cent. The blcachetl 
pulp is reported to be suitable for making white 
writing and printing papers. Since the wood is long 
fibred (av. length, 3.6 mm.), its pulp is particularly 
suitable for admixture with .short fibred jnilps for the 
manufacture of wrapper paper. The wood waste, left 
after making sleepers, may he utilized for paper 
making : the logs are not economical for the purpose. 
The saw dust, mixed witli .sal bark, arecamit husk, 
or spent tea leaves can be pressed together to form 
boards ((hiha. Indian For., 1958, 84 , 235 : Bhal & 
Man Mohan Singh, ibid., 1955, 81 , 765 ; Narayana- 
murti & Ilarcharan Singh, Comp. Wood, 1953-54, 
I, 1 21). 

The bark contains 11-14 per cent of tannin.s. A 
yellow dye j)resent in the bark colours leather 
catechuic brown. The cork of the chir bark can be 


used as a cheap insidating material. Thick hark lends 
it.self easily to knife w'ork ; and small articles of 
decorative and ornamental value and utility, such 
as ash-trays, can be conveniently carved out. The 
bark at present goes to waste and its utilization for 
this purpose may open a new profitable handicrafts 
industry. The .seeds are eaten by the inhabitants of 
hilly areas jKdwards cl al., Indian For. Rcc., NS., 
Chcni. & Minor For. Prod.^ 1952, 1(2), 153 : Khan, 
^akist. J. For., 1957, 7 , 44J. 

P. wallichiana A. B. Jackson syn. P. c.xccha Wall, ex 
D. Don : P. griffithii McClelland Bli^k Pink, 
Bhutan Pink 

D.E.P., VI (i), 238 ; C.P., 888 : FI. Br. Tnd., V, 651 ; 
Troup, III, 1015, Fig. 401 & 402. 

Hindi — Kail . 

Ka.shmik — Yiro, kaiar, kail; IIimaciiai. PRADK.mi — 
Lim : Ku.maun — Raisalla, lamshin^, hyans, dolcliilla ; 
I.KKCiiA — Ncct-kunfr ; Biii^TAN — ToufTsclii, lamshing. 

Trade — Bhte pine, kail. 

A tall evergreen tree with spreading or drooping 
branches, found in the Himalayas from Kashmir to 
Bhutan at altitudes of 1,800-3.700 m. ; it also occurs 
in Balipara tract of Assam. Bark smooth and resinous 
in young stems, turning grey and corky with shallow 
fissures on mature trees ; leaves needle-like in clusters 
of five ; abnormal fascicles containing 4, 6 or 7 
needles are occasionally ff)und: needles 10-20 cm. 
long, bluish green, glaucous, persisling partly for 2-3 
years: male flowers catkin-like, arranged in a cluster, 
yellow to light brown, often pink towards the apex ; 
mature female cones lateral, solitary or in groups of 
2 or 3, cylindrical, ripening after 18 months of their 
appearance, 15 33 cm. x 4-5 cm. when ripe, light 
brown, very resinous and ea.sily distingui.shable from 
other pines ; .seeds ovoid. 6-10 mm. long (without 
wings): wings membranous and about thrice as long 
as the seed. 

The blue pine occurs throughout the temperate 
Himalayas, though it is rarely met with in Sikkim 
and a considerable part of Kiimaun. Its altitudinal 
range is higher than any other Himalayan conifer. 
In the wT.stern Himalayas at altitudes between 1,800 
and 2,5fx) m. the tree is typically gregarious, often 
forming extensive pure crops, owing to its capacity 
to come up in dense even-aged masses, on open hill 
.sides and on abandoned cultivated tracts. Tow'ards the 
lower elevations the tree descend.s to about 1,200 m., 
where P. roxhurghii may be the associate species. In 
spite of its tendency to form pure crops, the blue pine 
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frc(|ut‘nily occurs mixed with other trees, such as 
deodar, spruce, silver lir, oaks. Rhododendron 
urborcum, Lyonia ovalifoUa^ Ropultis ciliata, Cornus 
macrophylluy Primus pad us, Cedrela serrata, Ulmus 
zvallichiana, etc. 

The young vigorously growing trees have a very 
graceful appearance, but as the trees become old they 
lend to become ragged. Under favourable conditions, 
trees having a height of 36 m. with a girili of 2.5 
3.0 m. and a straight hole of about 18 m. are not 
uncommon ; trees with larger dimensions are also met 
with. At higher elevations the blue pine ascends into 
the region of birch and juniper : in this region the 
trees are stunted, often broken and bent, giving a 
shrubby appearance. On poor shallow soil and 
exposed situations the trees do not attain a height of 
more than 15 m. Though the root system of the blue 
pine is stiperlicial, it is massive and the tree is wind- 
firm (Troup, HI, 1013-16, 1024: Rai/ada & Sahni, 
Indian For. Rev., N.S., Rot., 1960, 5 , iii). 

Ill the region of the blue pine the absolute 
maximum temperature may he placed slightly over 
37.8® (iof)"F.), while the absolute minitnuin towards 
its upper litiiits is near — 18” (o'^F.). The annual rain- 
fall varies from too to 190 cm. Throughout its habitat 
heavy snowfall occurs during winter. 

Like the chir, the blue pine is also found in a 
variety of geological formations, thriving on moist 
deep soil with good drainage. In its natural habitat 
the tree lends to occupy the warmer slopes and spurs. 
At some places it also springs up in abundance on 
boulder and gravel deposits in the beds of the rivers 
and on places of abandoned cultivation, showing its 
preference for porous soil wirli sullicient subsoil 
moisture. Some of the best forests of the blue pine are 
found on mica schist, which decomposes into ideal 
soil. On shale the growth of the trees depends on 
the hardtiess of the rock and depth of the .soil ; 
where the soil is shallow the growth of the trees 
is stunted (Troup, HI, 1018 : Rai/.ada & Sahni, 
loc. cit.). 

The blue pine is a strong light-demander, though 
it may persist in shade for a number of years. Young 
plants are capable of pushing their way up, provided 
the slirtibby growth is not loo heavy. The species 
suffers from snow ; the crowns break and the ycuing 
trees develop curvature at the base. Snow-break is 
particularly common in dense pole crops. Early 
thinnings carried out lightly at frequent intervals, is 
the best preventive measure. The blue pine is very 
sensitive to fire since it does not have a thick anti 


protective bark like P. roxhurghii. The pole crops 
arc killed outright and the large trees also often 
succumh to fire (Troup, 111 , 1024-25, 1028). 

Natural regeneration Under favourable condi- 
tions, given abundance of light and jiroiettion from 
fire and grazing, the blue pine regenerates profusely, 
as the seeding conditions of this pine are particularly 
good, viz. (i) fertile .seed commences to be produced at 
an early age of about 10^ 15 years : (ii) good seed-years 
arc frecpient : (iii) sullicient seed for complete 
regeneration of the area is produced ; and (iv) there 
is hardly any year when a fair proportion of trees in 
a blue pine forest do not bear seed. 

The female cones mature in the second year : the 
.scales ojien and the seeds are shed during September- 
Novemlier. They remain unsprouted till the ensuing 
rainy season. About 25 seed-bearers per hectare are 
retained : on hot .slopes, however, the mimher may 
increa.se to 50. Seedlings, under average natural forest 
conditions, attain a height of 13-20 cm. in four years 
(Troup, HI, 1026-27, 1031, 1023). 

Artificial regeneration — Direct sowing is preferred 
to tran.splanting. On an average a cone yields about 
100 seeds and about 500 seeds weigh 28-30 g. lesis 
carried out at Debra Dun showed that tlu* seeds 
retain their viability for a period of about eighteen 
months. The seeds are sown in November and 2-3 
year old .scetllings transplanted during the rainy 
.season at a .spacing of 1.5 m. x 1.5 m., or 1.2 m. apart 
in contour lines 2.5 3.0 m. apart. Nursery-grown 
seedling.s, which come up undi*r more favourable 
conditions, reach a height of 23 -38 cm. in three years, 
riiey have stout steins and well developed inas.ses of 
adult needles (Troup, 111 . 1021 2.4, 1029 30). 

The rate of growth under favourable conditions i> 
rapid in the young trees : when they reach maturity 
the growth in girth becomes slow while height- 
growth may almost cease. In good soils at a moderate 
elevation, 4-5 growth rings are present in a radius of 
2.5 cm. (an annual girth increment of 3.3 4.0 cm.) : 
at higher elevations or on rocky ground, however, the 
growth is slow with 20-25 rings for the same radius 
(annual girth increment of 0.6-0.7 cm.). "^I'he blue 
pine reaches its maturity in 120-180 years, after 
which the trees arc likely to become unsound in the 
centre ; at the higher elevations and in the dry areas, 
however, it may remain sound for a longer period 
(Troup, IH, 1033; Gamble, 704-05). 

Regeneration of the blue pine can he managed 
under uniform .system for deodar and blue pine. l"or 
regeneration of mixed deodar and blue pine, a certain 
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amount of deodar rcgencraiu)!! is secured first by 
moderately opening the canopy and then opening out 
drastically with the object of filling in the gaps in the 
young deodar crop with blue pine. In the first half of 
its life the blue pine outstrips deodar in both girth 
and height. In Kuhi forests, where the blue pine and 
deodar are mixed, a provision of a regeneration period 
of about 30 years is made. Where pure blue pine 
cro|)s are concerned, the regeneration pericnl is ordi- 
narily fairly short (Champion & Trevor, ^13 ; Troup, 
Ilh 1031 33). 

Like the chir crops, three (|uality classes, based on 
height-growth data, are recognized for P. zvalltchiana ; 
the data concerning the growth and yield of the three 
(juality classes of even-aged kail crops are given in 
'fable 9. 

The acreage under the blue pine and the out- 
turn of its timber in Himachal Pratlesh. Jammu 
and Kashmir and Uttar Pradesh are respec- 
tively as follows: Himachal Pradesh — 88.519 ha., 
174,480 cu.m. ; Jammu and Kashmir — 181,704 ha., 
97,(xx) cu.m. ; Uttar Pradesh — 16,132 ha., 3,860 cu.m. 
In the Punjab there is hardly any production of 
limber from this .species (Information from the 
Central Silvicidturist, F.R.I., Debra Dun). 

Diseases and /^w/.s - Among fungi causing decay of 
the timber, the important ones are Lenzites sufh 
ferruginea Berk.. L. sapiaria Fr., and Polyporus 
seinveinitzii l^'r., which cause brown rot and P, adustus 
Vr. and P. eireinalas Fr., which cause white rot. 
Fames pini Lloyd syn. Trameles pini Fr. causes heart 
rot in standing trees, 'fhe rusts on the tree include 
Crouartium rihieola Fischer, the accial stage of which, 
Peridermitnn indieum Colley & Taylor, attacks 
mostly seedlings and saplings between 3 and 10 years 
of age. Prridenmum hrevius Sacc. attacks needles of 
young plants which become suppressed and die. 


Mclampsora ohlonga Bagchee attacks needles 
.severely. The beetles and the larvae of Hylobius 
angustns Faust damage .sapling.s. The larvae of the 
moths Dioryctria abictella Schiff. and Euzopliora 
cedrella Hampson bore into the green cones and cause 
serious damage [Raizada & Sahni, loc. cit. ; Troup, 
III, 1025 ; Mathur & Balwant Singh, Indian For. 
Hull., N.S., No. 171(7). 1959, 28]. 

Oleoresin and Turpentine Oil — ^'fhe yield of 
oleoresin from the blue pine is low, being about half 
of that from the chir pine, but the turpentine oil 
obtained is of superior (|uality. On distillation the 
crude oleoresin gives 27.5 per cent of turpentine oil 
which has a high pinenc content (88'X.) and is suitable 
for all purposes where the American turpentine oil 
can be used. A sample of the oleoresin, collected 
from Chakrata, yielded 22.8 per cent of turpentine 
oil of an exceptionally goorl (|uality. with a pinenc 
content as high as 96.2 per cent. Table i gives the 
physico-chemical properties of turpentine oil from the 
blue pine. The amount of rosin recovered is about 
68 per cent of the oleoresin. Rosin oil is obtained in 
a yield of 75 per cent when the rosin is subjected to 
destructive distillation. It contains cymene, p-cymene, 
/j-xylene, toluene and propionic acid, which have not 
been reported in rosin oils from other pines (Dutt, 
Indian Oil & Soap /., i960 61, 26 , 3; Simonsen iV. 
Rail. Indian For. Rcc., 1922-23, 9 , 116 : (hiha &: Roy, 
/. Indian Inst. Sei., 1941, 23 A, 205; Patel ik' Guha, 
Curr. Sei., 1950, 19 , 128). 

Needle Oil — ^'fhe needles from P. zealliehiana on 
steam distillation yield 0.5 per cent of a pale yellow 
es.sential oil which can be u.sed for the same purposes 
as the needle oil from P. roxburghii ((pv.). The oil 
obtained from the blue pine neeclles consists mostly 
of hydrocarbons ; the constituents identified are a- 
and j8-pincnes, tt-Iimonene. a-phcllandrene, dipentene, 


TABLE 9->GROWTH AND YIELD OP EVEN-ACiED KAIL CROPS* 


(Qu.ility Classes I. II A: III) 


Arc 

Mean licicht (m.) 


Mean diam. 

(cm.) 

No. 

of trees |)er 

hectare 

Final yield of stem limber 

(NTS) 

r- 


4 

r-“ 

. -A., 

“ » 





per 

f 

hectare 

--Aw 

(eu. 111 .) 


I 

11 

111 

1 

II 

III 

I 

11 

III 

I 

11 

m 

20 

10 

7 

5 

11 

7 

4 

1,764 

3.015 

4,379 

0 

0 

0 

40 

21 

17 

13 

27 

19 

14 

702 

998 

1,347 

205 

108 

50 

60 

M 

25 

20 

41 

.32 

25 

442 

576 

717 

601 

.379 

238 

SO 

.^8 

.11 

25 

51 

43 

35 

.344 

410 

494 

950 

671 

449 

100 

41 

35 

29 

57 

49 

41 

297 

358 

420 

1,122 

881 

634 

120 

42 

36 

30 

61 

52 

45 

267 

326 

386 

1,192 

957 

731 


* C'.liainpioii ft iil., Inilitin For, Kit., 1927 29, 13 , 430-3.S. 
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horncol, icrpincol, a-cadincnc, and azulcnc. The oil 
shows antibacterial activity against a number of 
organisms including Staphylococcus aureus, Salmo- 
nella paratyphi and Proteus vulgaris, A pale yellow 
essential oil can also he distilled from green cones. 
Physico-chemical characteristics of the pine needle as 
well as the cone oil are summarized in Table 8 
(Choudhary ct al„ Indian Oil cS' Soap 1959-60, 25 , 
306; Simonsen, Indian For. Rec., 1922 23, 9 , 341 ; 
Chopra ct al, J, Amer. Pharm, Ass., sci, Edn, i960, 
49 , 780; Gildemeister & lioirmann, IV, 218). 

The seeds collected from Yamuna Forest Division, 
Kanpur, gave 20.2 per cent of a drying fatty oil with 
the following characteristics: sp. gr.‘‘" , 0.9223; n*" , 
1.4722; sap. val., 191.0; iod. val., 167.0; acid val., 
0.72 ; Polcnskc val., o.i ; and iinsapon. matter, 0.^6%. 
The fatty acid conipo.silion of the oil was as follows: 
jialmitic, 7.6: stearic, 6.5: oleic, 13.3: linoleic, 52.1 : 
and linolenic, 20.3” .. The oil is considered to he suit- 
able for use in paints and varnishes |Om Prakash et 
al., J. Oil Teclinol. Ass. India, 1957, 13 (i & 2), 47]. 

Timbkr 

'File blue pine timber is next to deodar in commer- 
cial importance. The main centres of su^iply of this 
limber are Kashmir, Himachal Pradesh and Uttar 
Pradesh. The sapwood is whitish ; the heart.wood 
light pink to red with darker striations, resinous, 
straight and fairly even-grained, medium line- 
textured, soft and moderately heavy (sp. gr., 0.5 : 
wt., 513 kg./cu. 111.). 'Hie wood is lustrous when 
ireslily exposed, becoming mori* or less dull with age. 
It seasons well and is nor .so liable to twist and warp 
as that of P. roxhurghii. '^i'lie logs are generally 
converted soon after felling. About 2.5 cm. thick 
planks take 5-7 days for kiln drying and retpiire 
an initial steaming for about two hours at 5^'/ 
i(X) per cent R.H. to sierili/e the wood and kill 
mould growth. 

The wood of the blue pine is fairly durable under 
cover, hut not so durable as that of deodar in exposed 
positions. It is said to last 7-8 years as shingles, 8-10 
years as beams in walls and 15 years as inside plank- 
ing. The life of blue jiine sleepers, treated by open 
tank process, is about 14 years, hut the wood is not 
easily amenable to treatment. Graveyard tests have 
shown a natural durability of 2-4 years. It is one of the 
timbers easiest to saw, machine and bring to a good 
finish. The data for its comparative suitability as 
timber, expressed as percentages of the same pro- 
perties of teak, are: wt., 75 : strength as a beam, 55 ; 


stiffness as a beam, 60 : suitability as a post, 60 : shock 
resisting ability, 55 ; retention of shape, 75 : shear, 
65 ; and hardness, 40 (Pearson & Brown. II. 1034-36 ; 
Piiriishotham et al., Indian For., 1953, 79 , 49 ; 

I imaye, Indian For. Rec., N.S., Tinih. Mech., 1954, 
1 , 57. Sheet No. 16 : Limaye & Sen, ibid., 1953, 1 , 94 ; 
Rehman, Indian For. Hull., N.S., No. 198, 

The timber finds many uses, and of tlie Indian 
pines, tlie wood of the blue j)inc is considered to he 
the he.st. ft is used for internal fittings of residential 
houses, such as planking, door and window frames, 
panels and furniture ; for these purposes it is jire- 
ferred to deodar as it has less pronounced odour and 
does iKU pick up dust like the oily deodar wood. The 
wood after treatment is commonly used for making 
packing cases, camp furniture, drawing hoards, fer- 
mentation vats anri lorry bodies and shingles and 
railway sleepers. It is also utili/ed for making cheap 
pencils, battery se])arators. vu)lins and match-boxes ; 
the stumps are used for burning as torches. It is a 
good fuel w'ood and yields excelU nt charcoal : calo- 
rific value, 4,995 cal., 8,091 B.i.u. (Pearson &: Brown. 



F.R.I., nvhra Dun. : Rttnirsli Rmi 

FIG. H>-P1NUS WALLlClIlANA— TRANSVF.RSE SECTION OF 
WOOD (xtO) 
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ir. 1036-37; Trotter, 1944, 151-52. 207, 215, 222; 
Rehman & Ishaq, Indian For, Lcaji,, No. 66, 1945 ; 
Rehiiian et al, Indian For. BtdL, N.S., No. 184, 
1955, 18 ; Krishna & Ramaswami, ibid.. No. 79, 1932, 
2i)- 

Laboratory and pilot plant studies have shown that 
the kail wood, in admixture with the deodar, silver 
fir and spruce woods, is suitable for the manufacture 
of bleached and unbleached krafl papers by the 
sulphate process. Digestion of the mixture of woods 
( 32 Vn kail, 22 % deodar and 46/0 silver fir and spruce) 
gave unbleached pulp yielrls of 46-64 per cent and 
bleached pulp yields of 43-52 per cent with satis- 
factory strength properties. Digestion of the kail wood 
alone by the sulphate process, using 24 per cent 
chemicals at 170° for 4J/2 hours gave 39.4 per cent of 
bleached pulp with the following strength properties: 
breaking length. 5.580 m. : stretch, 2.3% : tear factor, 
75.9; burst factor, 38.1 : and double folds. 90. The 
fungus-attacked wood gave only 30.6 per cent of 
bleached pulp with inferior strength properties (Cuba 
& Man Mohan Singh, Indian For., i960. 86, 563 : 
Guha et al., ibid., 1964, 90, 442 ; Man Mohan Singh 
& Guha, ibid., 1965, 91, 199). 

The bark contains a fair amount of colouring 
matter and is sometimes used for dyeing silk and 
wool ; it gives a fine yellow colour on corah silk and 
deep orange on wool. It is also employed for roofing 
huts. The needles are mixed with plaster and 


employed in house construction. In winter, the 
needles may exude sweet manna, which is edible and 
used for adulterating honey. The roots yield an oil 
which is applied by the workers in the paddy 
fields to keep off water insects (Dallimore & Ja'vkson, 

575)- 

F. armandii Franch. (Armand's Pink) is a tree, 
about 18 m. tall, distributed in the central and 
western China and Formosa, and also recorded from 
N.K.F.A. The needles are borne in clusters of live 
and closely resemble those of F. wallichiana. The 
seeds are wingless, 13-16 mm. long, and are edible 
(Kingdon-Ward, J. R. Iiort. .Soc., 1952, 77, 207 ; 
Dallimore & Jackson, 446). 

F. merknsii Jungh. & Dc Vriese is a tree, up to 30 m. 
high, distributed from the southern Shan States 
(Burma) to Indonesia and the Philippines. It has been 
recommeiifled that the species may he introduced 
into the Nicobar and Andaman islands to cover the 
eroded hill slopes. The wood (wt., 689 kg./cu.m.) saws 
easily, works to a good finish and takes a line polish. 
It is a useful general construction timber for indoor 
work (Pearson & Brown, 11 , 1044-46 : Rai/ada & 
Salmi, Indian For. Rec., N.S., Bot., i960, 5 , 1 18). 

Exotic pines, reported to have been successfully 
grown in various parts of India, are mentioned in 
Table 10. In their native countries, they are used for 
various [rurposes, F. canariensis C. Sin. is tapped for 
resin and its timber is used for building purposes, 


TABI.E K^-EXOlIC PINES SUCCESSFULLY TRIED IN INDIA* 


Species 

Oimmun names 

Native cuiiiitry 

Area where tried 

/*. camrifnsis C. Sm. 

Canary Isi.am) Pink 

Canary Islaiuls 

Srinagar 

/*. VftrihfiCit Mure 

IIctNUi'KAs Pink, CARiimKAN Pnr.ii-i»iNK 

Caribbean region 

Assam, Dehra Dnn 

/*. Ci'mhruidvs Ziicc. var. 
vdiilis Vfiss. 

TVu-I.KA V KI) N I ’l-PI NK 

Mexico lo C^uluraclu 

Nilgiris 

I\ httlcfiftisis Mill. 

Ai.i i'W) Pink 

Meili terraneaii region 

Srinagar 

P. massofiuniii Lanil), 

Maksun’n Pink 

China 

Kiiln, Manali, Raman 

P. niiira Arnulrl var. 
valaharica Schneid. syii. 

/*. tarivio Poir. 

Corsican Pink 

SontluTii Corsica 

do. 

/*. fmlula Schlerhf. & Cham. 

Patii-a 1*1 nk 

Mexico 

Knlii, Manali, Natidiat 
Plateau, Palamaii, Ra 

P. funttstt’r Ait. 

Ci.i'STKR Pink, Makitimk Pink 

Meclilerranean region 

Kuln, Manali, Kahini 

/*. riuliatfi I). Dun 

Montkrky Pink 

I’.S.A. (Pacific Coast) 

Nilgiris 

P. sabinunui Dung. 

I)ic:(;kr Pink 

II.S.A. 

do. 

P. tfieda f Jnn. 

I.OBL01.LY Pink 

U.S.A. 

Knin, Manali, Kahini 

P. thuuhfrj^ii Pari. 

Japanksk Bi.ack-i*ink 

Japan 

Sam under, 'I'akhdah 

* Sahni, Indian For., 1%5, 

91 , S.*; .S6 ; Krislinaiiiurthi, 221 -22 ; Din, 

I'nasylva, I'L^S, 12 , 128. 
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TABLE 11-PHYSICO-CHEMICAL CHARACTERISTICS OF TURPENTINE OIL FROM SOME EXOTIC PINES TRIED IN INDIA 


Species 

TiirpcMiiiiic 
content of 
oleoresin, % 

Sp. gr. 

Hn 


Constituents of the oil 

P. canariemis' 

27.0 

0.85.S2 
(at 20 ) 

1 0.9! * 

(at 22 ) 

1.4627 
(at 27.5 ) 

d/-.i-Pinene, l-linionene, dipeii- 
leiie, #/-lM)rnyl formate, a se.s- 
quiterpene 

P, carihaetP 

17.9 

0.8632 
(at I.\5‘) 

29.77’ 

(at 24 ) 

1.4703 
(at 20 ) 

1-M-Pinenc (61.5‘'o), 1-/Ipincnc 
(34-J 

P. cembroutes var. 
cduUs* 

20.0 

0.8680 
(at 15 ) 

1 19.27“ 

(at 20 ) 

1.4707 
(at 15 ) 

M-Piiieiie (70 75".,), /f-pinene 
(5".,), M-cadiiieiie (15 20",,) 

P, htilfpvnsis^ 

20.0 23.0 

0.8.S61 0.8591 

+ 40 to -f49 * 

1.4660 1.4699 

l-.i-Pincne (90"„), l-limoiiene 
(4'’,,i, sesquiterpenes (1.5",,) 

P, fiif^rft var. 
calaharivn syii. 

P. Utru'in^ 

17.5 

0.8618 
(at 15 ) 

-M)A 

1.4696 

l-.i-Pineiie ( 96 ’,,), r/limonene 
(1 "„), ester and other products 
(2".,), seK(|uiterpenes (!",,), 
carene, /J-pinene 

P, piuasteP 

20.0-25.0 

0.860 0.871 
(at 15 ) 

29 to 33’ 

1.467 1.471 

ii-Pinene (63"„), /2-pinene 

(26.5"„), dipentene, </-limo- 
nene, caryophyllcne, longi- 
folene, pinolhydrate, |iinol. a 
ketone and a sesquiterpene 

P. raditita' 

10.0 

0.8596 
(at 23 ) 

5.85 

1.4727 
(at 22 ) 

r//-u-Pinene (75",,), l-/I-pinenc 
(22".'.) 

P. subinitnuP 

II.4 

0.6971 
(at l.S-') 


1 .3903 
(at 15 ) 

^/-Heptane (95"„). normal al- 
dehytles (5",,) 

P. syhestris''^* 


0.864 0.8^ 

(at 15-) 

1 7.7 ■ to 4-26’ 

1.489 

fi-Pinene (60-80",,), /?-piiiene 
(7 9"„), A 3-carene (14 20".',), 
sesquiterpenes (5",',) 

P. laetbP 

IS.6 

0.8570 
(at 22^) 

4-20.17" 

1 .4675 
(at 27.5' 

r/-.i-Pinene (85"„), l-/2-pinenc 
(I2‘>.) 

' r^ildeineisrer fic llnffinann, IV, 123-24, 
• Inrroductinii uiisii<ressful. 

, 74, 72, 67 69, 120, 

80, 121; ’Giicnilicr, 

VI, 282, 285 ; 

'ThoriH-, XI, 761. 


fiimitiiR' and joinery ; P, carihaea More is a good 
source of commercial resin : P. halepcnsh Mill, 
is extensively grown as wind-breaks and for soil 
conservation and sanil fixation ; P. ni^ra Arnold var. 
adaharica Sclineid. has been widely used, mainly on 
short rotations, for pulp wood and mine props : P. 
pinaster Ait. is one of the main coininercial sources 
of resin and its timber is u.sed for telegraph poles and 
railway sleepers ; I\ iaeda Linn, is utilized for \vood 
pulp and ship-building and as a source of American 
turpentine oil : and P. thunhergii Pari., essentially 
a maritime species, is one of tbe most important 
timber trees of Japan, used for heavy construction, 
interior finish, box-boards, sleepers, etc. P, cembroides 
Zucc. var. rdulis Voss, and P. sahiniana Doug, yield 
edible seeds. The physico-chemical properties of 
turpentine oils from these exotic pines are given in 
Table ii (Streets, 469-612: Dallimore & Jackson. 
446). 

Pinwonns — see Parasitic Worms 


PIPER 1 .inn. (Pipcrdcctw) 

A very large genus of shrubs, rarely herbs and 
trees, found throughout the tropical and sub-tropical 
regions of the world. About 30 species have been 
recorded in India, of which P. nigrum, the Black 
Pepper and P. bvtlc, the Pan or Betel are widely 
cultivated. 

A large number of species of ibis genus have been 
recorded as occurring wild in various tropical and 
sub-tropical parts of India. Some of them are reported 
to he used as sub.stitutcs or adulterants of the culti- 
vated species like P. nigrum and P. hctlc. Their correct 
identification and specific delimitation are .still con- 
fused and as stated by Hooker (in FI. Br. Ind., V, 
79), only a critical study of the plants “on the spot, 
with a view to matching the sexes, and flowering with 
fruiting .specimens and ob.serving the transition from 
young to old foliage and the effects of locality and 
climate on the characters of each species*' will clarify 
their position. It is not improbable that some of 
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rlicin, if sdcclcd and propagated, may prove better 
than some of the cultivated species. Chemical com- 
position and characteristics of their fruits, leaves and 
shoots are yet unknown. It has been slated that wliile 
man adopted /^ niirruw as pepper, he could have 
taken into use some other species also, which arc 
more pungent. Similarly, the fruits of many species 
are used as long pepper, though their intrinsic pro- 
perties are not fully known (l)e Candolle. CundolleUy 
i(;22-24, I, 65 : Barber. /Igr/V. J. India, i(j<i6. 1 , 163 ; 
Burkill, IT, 173^). 

P. betle Linn. Ui/ikl 

J).FJ>., Vl(i). 2^7 ; C.P.. .S91 ; FI. Br. Tnd.. V, S5 ; 
Quisumhing, /V/ ////)/). J. Scl., 1930. 43, 85, Texf 
rig. 41 & 42. 

Sa.ns.- Nairavfdli, tanibnla : IIiNni — Pan, iatnhidi : 

Pan ; Mak. i\in, vidrehapana : Ouj. — 
Nas^nrvcl, pan: Tkl. Tantalapakn, tia^avalli : 
'r.\M. Vcllllai : Kan. — V\la\adch‘ : Mal. Vvttila, 

A perennial diocrioiis creeper probably native of 
Malaysia, cultivated in India for its leaves used for 
chewing. Stems semi-woody, climbing by short, ad- 
ventitious roots : leaves 5-20 cm. long, broadly ovate, 
slightly cordate and often nnecpial at the base, shortly 
acuminate, acute, entire, with often an undulate 
margin, glabrous, yellowish or bright green, shining 
on both sides ; petiole stout, 2.o~2.5 cm. long : male 
spikes dense, cylindrical : female spikes 2.5 -5.0 cm. 
long, pendulous ; fruits rarely produced, often .sunk 
in the fleshy spike, forming ncnlulc-like structures. 

The cultivated betel in India is usually the male 
plant selected from certain races and consctpiently 
does not fruit. Several types are grown in diflerent 
parts f)f India showing variation in size, shape 
and colour of the leaves, their taste and aroma. 
So far no botanical study has been made of the 
varieties or types found in India. In Philippines, three 
varieties are described based on leaf shape and pidn- 
scence. In Indonesia and Malaysia, several races are 
known, some with dove-like flavour and others with 
red coloured veins and petioles. In Malaysia and 
Indonesia, many of them bear flowers and fruits 
freely. Environmental conditions arc to .some extent 
responsible for these variations. Leaves grown under 
more favourable conditions arc larger in size and less 
pungent, while under le.ss favourable conditions they 
become smaller and more ptingent. Table i suiimia- 
rizes the names and characteri.stics of the cliffcrent 
betel types grown in various areas in India (Burkill. 

'738 ; Quisuinbing, Philipp, J. Sd,, 1930, 43, 85). 


CuLTIVAriON 

Cultivation of betel vine is highly .specialized and 
is carried out with intensive care, regarding prepara- 
tion of land, choice of varieties, mode of propagation, 
aftercare in manuring and irrigation, pest and disease 
control and harvesting and marketing. Consetpiently 
it is mostly confined to small holdings, distributed in 
almost all States in India, except in the dry north- 
western parts. Approximately 26,000 hectares arc 
reported to be under this cro[), Mysore, West Bengal 
and Madras each having nearly 4 .(kk) hectares. The 
other important States are: Maharashtra, Kerala, 
Andhra Pradesh, Mailbya Pradesh, Bibar, Uttar 
Pradesh and A.ssam. No detailed data are available 
regarding the acreage in dillerent States. Some of the 
important districts reported to be cultivating betel 
are: Belgaum, Dharwar. Mysore. South and North 
Kanara in Mysore : Madurai. Salem, Coimbatore, 
I'hanjavnr and Chinglepui in Madras : 'I'hana 
(Ba.ssein), Satara, Poona, Jalgaon. Kolhapur and 
Amraoti in Maharashtra : 'rrivandrum, Alleppey, 
Kotlayam and 'rrichur in Kerala ; Ctiddapah, 
Guntur, Krishna, East and West Godavari, Vishakha- 
patnam, Srikakulum, Adilabad, Hyderabad and 
Mahbubnagar in Andhra Pradesh ; .and (iwalior, 
Cbhatarptir and Dnrg (Chhiiikhadan) in Madhya 
Pradesh and some districts of As.sam |C.haugule. 
Farm Bull, No. 57, 1960 : Rao & Madhavachari, 
Indian Fniir, N,S., H)66-6y, 16(7), ^i]. 

(Uiifiatc — ^The betel vine thrives best umler tropical 
forest conditions having a cool shade, con.siderable 
humidity and a good su|)ply of soil moisture. It 
flourishes in areas with a rainfall of 225 475 cm. It 
is grown up to an altitudi* of about 9CK) m. in the 
western ghats. The south-western coastal region of 
Kerala, North Kanara in Mysore, Bassein tract of 
Maharashtra and the north-eastern billy regions of 
As.sam provide these conditions and in these areas 
the betel vine is grown in the shade of trees or in 
e.stablished arecanut or coconut gardens, without any 
elaborate arrangements. In all other areas, pariicti- 
larly in the interior regions of Deccan and South 
India and parts of Uttar Pradesh, Bibar, West Bengal 
and Madhya Pradesh, it is grown under artificially 
created conditions, simulating natural environment. 

Betel vine cultivation needs elaborate preliminary 
preparations, pariicidarly when cnlrivaied in areas 
wliere prevailing climatic conditions are not favour- 
able for its growth, such as extremes of temperature, 
with hot and dry winds in summer as in parts of 
Madhya Pradesh, Uttar Pradesh and Rajasthan, and 
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Type 

Anihacli 

Baii^la (Blnibna) 


Hi la ha ri 
CMiciinur 
Chit til ko(U 

Desavari 

Cangcri 


Kakcr 


Kali 

Kallasakodi 


Katiiniar 


Kani^ak* 

Kapofiri 

Karapakii 

Karihalli 

Karpiirakodi 

Koiiiakodi 

Kiiljcdii 

Kiinihalaballi 

K II the 
Ma^hai 

Mahoba 

Nabkar 

Nadaiikodi 

Na};aba1li 

Pandhari 

Pariia 

Piialhi 

Pudiikodi 

Kavi'si 

Sanc'hi or Chandana 

Sat hya vara 111 
Seiitiha 
Tillakii 
Vattakndi 


TABLE l-CilARACTERlSTICS OF SOME TYPES OF P. BETLE GROWN IN INDIA* 


CharackTiiitics 

Ceaxes narrow and loiiK, li^ht grtTii with a cainphur-like 
aroma ; resembles Karpiirakodi of Madras 
lA-avcs thick with short tips ; pungent 


I.caves tinder; low yielding; ty|K* but fetches ginnl price 

Leaves lij»ht green to yellowish, not very pungent 

Leaves small in si/e, velvety to touch; taste agreeable Iwiiig 
neither insipid nor pungent 

Leaves thin with long tips and pinkish veins; least fibrous 

Leaves dark grei-ii, with pinkish veins on the lower side, 
tasty 

Leaxes long with thin veins, mediocre in taste; not of high 
ipiality 

lA'aves dark in colour and thick ; pungent ; wilt-resistant 

Leaves broad and tapering to the tip; dark green, coarse; 
pungent but leaves from older crop are finer and less 
pungent 

Leaxes deep green, broad and coarse; aromatic 


Leaxes small and narroxv haxing a bland taste 
Leaves medium thick, pungent : not of high ciiiality 
Leaxes dark green, pungent 

I /‘ax es deep green, mediiim si/ed, coarse in texture, pungent 
xvith gootl keeping quality 

Leaves light green to greenish yelloxv in colour, linear with 
camphor-like smell 

All improved ty|K’ xvith broad leaxes, giMwl yielder 

Leaxes light green, spreading, not very pungent 

Leaves very large, dark green in colour, somexvhat pungent ; 

low yielder xvith moderate kee|)ing quality 
Leaves delicate ; high yielder 

Leaves smal'est among all types, non -fibrous and xery tasty, 
of high (|uality 

Leaxes large and thick, but with very little fibre; slightly 
pimgeiit xvhen tender, less so when mature 
Leaxes long and tapering; high yielder but fetches average 
prices 

Leaxes small, soft 

Leaves small, shaped like the IicmkI of a cobra ; low yielder 

Leaxes pale yellow in colour 

Leaves large, cordate and light green 

Leaves large, corriate aiul light green in colour; stem slightly 
reddish 

Leaves broad and coarsi* xvith good keeping quality 
I, eaves medium sized, light green, not very pungent 

I, eaves longer than broad, dark green in colour xvith fine, 
sxveet flavour 

Leaves light green, ^ipreading, pungent 
Leaves thick xx'ith prominent veins 
Leaves light green, not xery pungent 

Leaves big in size, more circular in shape than other ty|H*s 


State or region xxhere reported 
Mysore (N. Kanara district) 

Originally from Hengal. Uttar Pradesh, 
Maharashtra, West Hengal, Madhya 
Pradesh 

Mailliya Pradesh 
Madras 

Madias (Sholavandan anil Madurai) 

Andhra Pradesh (Hyderabad district), 
Uttar Pradesh 

Maharashtra (Siangli and Islampur area) 
Uttar Pradesh 

Maharashtra (Nagpur, Ranitele and Poona 
area) 

Madras 


Madras (Poonamalle tract of Chingleput 
district and also in Vellore and (\)iniba- 
tore district) 

Mysore 

lb tar Pradesh 

Madras 

Mysore 

'I'hroiighout Madras State, Maharashtra 

Kerala (Palghat ilistrict) 

Madras 

Mysore 

Maharashtra (Poona area) 

Ihtar Pradesh, West Hengal ; originally 
from («aya, Hihar 
Uttar Pradesh 

Maharashtra (Hassein area) 

Kerala ((^'iliciit district) 

Mysore 

Maharashtra (Sangli and Islampur area) 

Assam 

Assam 

Kerala (Calicut ilistrict) 

Madras (IVMmamalle tract of Chingleput 
district) 

Assam 

Madras 
Uttar Pradesh 
Madras 
Madras 


• Chaugule, /'Virw /In//., No. 37, I960, 8 1 2 ; Yegna Naravan Aiyer. 529; Iruthayaraj, Mufinis af'ric. /., 1960, 47, 465; Krishnaii 
& Kantiraj, ibid., 1941, 29, 12; Choudhari, ibid., 1945, ' 33 , 49'; Nikam & Mahadik, ImiiuH N.S., 1958-59, 8(4), 8; Malelu 

c/ rt/., /Win iiifr/c. Co//. A/i/g., 1951-52, 42 , 157 ; Choxvdliury, /Mi/iV##i /-'wg, 1944, 5, 122; Lavania & Srivastava, .Igr/V. & Atiini. 
Hush. Uttar Pradrsh, 1955-56, 6(10), 15; Mehta, Uardcuiiifi, 1956 59, 1(5), IP; Tnforination from Director of Agric., Madras, and 
Agronomist, Dep. of Agric., Maharashtra. 
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severe cold and frost in winter. In these areas, the 
plots arc protected on the sides and tops by raising a 
live hedge or hy constructing a mud or stone wall all 
round, covered over with thatch. For purposes of live 
hedge, quick growing plants are cultivated while for 
tlie covering, the thatch is made up of bamboo or 
other materials locally available. The thatch is so 
made as to facilitate entry of filtered sunshine, at least 
during part of the day. Besides, shade is also provided 
l)y planting some quick growing trees in between 
the rows. 

The iilriinate aim of all these measures is to protect 
the crop from adverse weather conditions and to 
a(h)r(l a humid, hot atmosphere suitable for its 
growth (Chatigule, loc. cit. : Yegna Narayan Aiyer, 

521). 

Soil — ^The best soil for betel cultivation is clayey 
loam which is friable, rich in firganic matter, and 
which has good drainage. Red loams, both light and 
heavy, with good depth are also favoured. When the 
soil is light and loamy, suitable manuring and 
addition of lank silt precedes cultivation. Where the 
soil is coarse or stony, large pits are dug and these are 
filled with suitable soil before planting (Iruthayaraj, 
Madras agric, y., i(;6o, 47 , 463 ; Yegna Narayan 
Aiyer, 521 : Cliowdhiiry, Iftdiau Fmg, 1944, S, 122). 


Preparation of land — In the hilly areas of Assam 
and Kerala and in some parts of Mysore, where betel 
vine is grown under relatively natural conditions as 
a mixed crop in arecanut or coconut plantations, no 
special selection or preparation of land is made, apart 
from what has been done for the main crop. In these 
areas, pits of various dimensions (60-120 cm. in diam. 
and 30-60 cm. in depth) are dug at the ba.se of the 
supporting trees and they arc filled up with top soil 
along wiili 0.5-2.0 kg. of w'ood-ash or leaf-mould. In 
the plains, however, the land is ploughed or dug out 
and harrowed to obtain a fine tilth. Con.siderahle 
efforts are made to adopt a suitable layout, since betel 
vine is sensitive to soil and climatic conditions, and 
needs proper maintenance of moisture, soil aeration 
and sufficient humidity. Where betel vines are culti- 
vated as a mixed crop in arecanut plantations, drain- 
age channels are made between every two, three or 
four rows of the arecanut trees depending upon the 
soil ; in some areas lengthwise ditches are crossed by 
a number of cross drains also. In some places betel 
vines are grown on somewhat elevated lieds, some- 
times as high as 120 cm., alternating with strips of 
narrow trenches, where water is kept flowing or 
stored in pits (Yegna Narayan Aiyer, 525 ; Chatigule, 
loc. cit.). 



LC,A,R., New Delhi 


FIG. II— PIPFR BETLE-PLANTATION UNDER SHADE 
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Betel is a climber and needs support for its growth. 
In coconut and arccanut plantations, the support is 
providetl by these trees, while in other areas support 
is provided by growing some <|uick growing straight 
stemmed plants like Srshnnia ^randiflora Pers., S, 
seshan Merrill, Moringa oldfcra, Erytlirina varic^ata 
var. orienUdiSy etc. Soineliines bamboo, wooden or 
stone supports are used (Irutbayaraj, loc. cit. ; 
Chaugule, loc. cit.). 

Propafi^ation — Betel vine is propagated only vegeta- 
tively by cuttings taken from healthy vines at least 
two years old. These arc obtained from vines of the 
previous year's growth, trimmed into sections of 
30-45 cm. length. Kach cutting contains 3 to 5 nodes 
and is planted in such a manner that 2 nodes arc 
buried in the soil and one or more nodes arc above 
ground and pointing tow'ards the standards, on to 
which they will eventually he trained. In some places 
it is the practice to raise a nursery of root cuttings 
and then transplant them in their permanent places. 
For this purpose, cuttings are {danted closely about 
10 cm. apart in well prepared and shaded nurseries 
|Yegna Narayan Aiyer, 524 ; Rao & Madhavachari, 
Indian Fmg, N.S.y 1966-67, 16(7), 41]. 

Planting season — ^The planting season varies in the 
different tracts depending on temperature and rain- 
fall, and also whether dead or live supports have been 
used. In plantations of coconut and arccanut or 
where dead supports are used, planting is done early 
in the season : where live supports are used, time is 
allowed for the latter to estJiblish and develop 
sufficient shade and sujiport for the vines. Based on 
these considerations mainly, jtlanting starts imme- 
diately after the onset of the monsoon in May-June 
in Kerala, North Kanara, some parts of Mysore and 
in Assam. In Madras, planting is done in june-July 
or September -October, the latter season being pre- 
ferred. In the southern districts of Maharashtra, 
Andhra Pradesh and some districts of Mysore, plant- 
ing is delayed till about August, September or even 
October, since live supports arc used. Tn some parts 
of Mysore and in Bassein, betel vine is a secondary 
crop grown after rice and hence planting is delayed 
up to October or even beyond (Chaugule, loc. cit. ; 
Ambekar, IhdL Dcp. /ItfnV., Bombay y No. 146, 1926, 
93 ; Rao & Madhavachari, loc. cit.). 

Before planting, the beds are iirst irrigated. In 
areas like Bassein, where the wilt disease is common, 
the beds arc irrigated with a small do.se of copper 
sulphate kept in a basket in the irrigation channel. 
The setts establish in about 3 weeks* time and the 


first leaf is put forth in about a month. Where the 
vines arc trained on live supports, the latter are 
thinned and pruned as required, to ensure good shade 
for the betel vines. When the .setts begin to sprout 
and creep along, they are tied to the su|)port at 
intervals of 15.0-22.5 cm. The vines strike roots when 
they come into contact with the standard and 
establish them.selves firmly. Weeding and stirring of 
the soil is done as and when needed. 

When the vines reach a height of about 3 m. they 
not only lose their vitality, but also become difficult 
to harvest. They are often rejuvenated by “lowering* 
them, a proce.ss in which the vines are untied from 
their supports and their lower portion coiled and 
buried in the soil, leaving free only a few nodes at 
the growing end. This results in a number of tillers 
.springing up from the ba.se and the vine becoming 
more vigorous. lx)wering of the vines is done once in 
the first year, and once or twice in the second and 
third year (Chaugule. loc. cit. : Irutbayaraj. loc. cit.). 

Manuring -^In general, betel vine crop is given 
heavy doses of manures ranging from 25 to 100 tonnes 
|x*r hectare in a year. Generally organic manures 
like farmyard manure, sheep manure and tank 
or river silt arc used. Next in importance are oil 
cakes : other organic manures like fish manure and 
tannery refu.se are also used where available. Tn 
Kerala and West Bengal, a little ammonium sulphate 
is applied along with oil cake. Bulky organic manures 
are con.sidereil good for leaves of superior quality. 
But in certain tracts of Uttar Prade.sh, these manures 
are avoided as they may carry di.sease-produc- 
ing fungal .spores. In parts of Andhra Pradesh, 
Maharashtra, My.sore and Madras, farmyard 
manure, especially .sheep manure is highly valued. 
In parts of Madras, cattle manure and horse <lung 
arc usually applied ; .sometimes tannery refuse is 
also u.sed. In Coimbatore area, leaves of Caloiropis 
.sp. arc applied at the rate of 10 15 cartloads/ha. Wild 
indigo leaves arc also u.sed, .since they are supposed 
to improve leaf colour. Tn Mahara.shtra, castor cake 
is preferred as it is believed to prevent white ant 
attack, while in Bassein raw or dry fish is usually 
applied either alone or mixed with castor cake. In 
Madhya Pradesh, linseed, til. castor or neem cakes 
arc used, whereas in Assam, tnusiard cake is consi- 
dered to be the most suitable. In Assam, a rKpiid 
manure of cowdung is used to accelerate rooting. In 
West Bengal, dried, pidverized pond-mud, powclcred 
cowdung and powdered oil cakes arc used | Chaugule, 
loc. cit. ; Irutbayaraj, loc. cit. ; Rao & Madhavachari, 
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loc. cit. ; Nikam & Mahadik, Indian Fmg, NS., 
1958-59, 8(4), 8 ; Chowdhiiry, loc. cit.|. 

IntcrcroppinfT.^ln many areas along with betel 
vine other crops are grown as intercrops. In Madras, 
Mysore, Andhra Pradesh, Maharashtra and western 
districts of Madhya Pradesh, banana suckers are 
planted in betel vine gardens, either for obtaining the 
fibre to tie the vines or for the leaves and fibre used 
as packing material. Tn the northern districts of 
Madhya Pradesh, Piper longmn is often intercropped 
with betel vine. In this area, in addition, Basella 
rnhra, Cvphalandra indica, Trichosantlitts sp.. 
Zingiber officinale, Musaxparadisiaca, Coloatsia 
antiquorum, Capsicum frutescens, etc., arc raised as 
catch crops. In Uttar Pradesh, some emphasis is 
given to the intercropping of yam and other 
vegetables with betel vine. In West Bengal, gourds 
and pumpkins are grown round the ganlen to give 
additional shelter and as a source of sub.sidiary 
income |Yegna Narayan Aiyer, 527 : Inithayaraj, loc. 
cit. : Bull. Indian Cocon. Comm., 1955-56, 9(2), 54 ; 
Rao & Madhavachari, loc. cit.|. 

Diseases and /V.s/s- -Betel vine is subject to attack 
hy various diseases and pests. The most important 
among them are foot rot, wilt, leaf spot and powdery 
mildew among diseases, and bugs, aphids and mites 
among insect pests. 

Foot rot is cau.sed by the fiingiis Phytophthora 
parasitica Dastiir var. piper ina Dastur which lives 
in the soil and attacks the roots, stem and leaves. 
It produces a large mimher of spores at low tempera- 
tures, under moist conditions. These spores are 
carried from vine to vine through water. It occurs 
in a very virulent form and if not controlled, causes 
widespread damage and even total destruction of the 
betel vine plantations. The first sign of the disease is 
the yellowing of the lowermost leaves followed by 
drooping. The topmost leaves also turn dark and 
droop down. The leaves fall at the slightest touch. 
The roots also start rotting, followed by the drying 
up of the entire vine. Application of a monthly dose 
of Bordeaux mixture throughout the crop period is 
recommeniled as a control measure for the disease. 
Perenox is now being increasingly utilized instead of 
Bordeaux mixture in controlling the disease | Dastur, 
Proc. Indian Acad. Set., 1935, 77 ^ ^ Malelii ei 

al., Poojia agric. Coll. Mag., 1951-52, 42 , 137 ; 
Narasimhan ^ Ramalingam, Indian Fmg, NS., 
1967-68, 17 ( 2 ), 29]. 

Wilt is caused by Sclerotium rolfsii Sacc. In this 
the stem turns dark, the leaves droop and finally 


the plant withers and dies. The disease can be con- 
trolled by deep ploughing, green manuring, applying 
organic and inorganic manures and growing other 
crops for a few years. Formalin, diluted to 1:20 to 
1:50, applied to the soil reduces losses due to this 
disease | Nikam ct al., Indian Fmg, NS., 1958-59, 
8(5), 1 1 ; Chowdhury, Proc. Indian Acad. Sci., 1945, 
22 ^ 179; 1948, 28 B, 227 : Mundkur, 231]. 

Powdery mildew is caused by Oidium piperis. The 
disease is characterized by the formation of circular 
greyish white powdery patches first on the lower 
surface of the leaves and then on both sides. This is 
followed hy the yellowing of the leaves and their 
becoming brittle and finally falling off. The growing 
shoots are also affected and in severe cases the whole 
crop may be destroyed. Application of finely 
powdered sulphur once or twice acts as a preventive 
measure in controlling the disease (Malelu et al, 
loc. cit.). 

Leaf spot is caused hy a Glocosporium identified as 
the conidial stage of Cxlomerella cingulata (Stonem.) 
Spauld. & Schrenk. Brown or black spots with percep- 
tible concentric rings appear on the leaves. These 
may extend to the entire leaf and also the stem which 
starts rotting downwards. Treatment with Bordeaux 
mixture or Perenox prevents the spread of the disease 
to the stems. A leaf spot caused by Curvularia lunata 
Boedijn and another by a bacterium are also known. 
When treated with chemicals the leaves should 
not be used for at least 15 days and even after this 
period they should be washed before use (Chowdhury, 
Proc. Indian Acad. Sci., 194^, 22 B, 188 : Chaugule, 
loc. cit. ; Bhattacharya, Proc. Indian Sci. Congf., 1961, 
pt III, 495; Raghunathan, Trop. Agriculturist, 1926, 
67 , 242). 

Betel vine is also subject to anthraciiosc caused by 
Glomerclla cingulata (Stonem.) Spauld. & Schrenk. 
and Colletotrichum piperis Petch. Round or oval dark 
brown lesions appear on the stems of the vines and 
infected stems collapse and ultimately die. The 
affected vines should he destroyed by burning. 
Bordeaux mixture, Perenox or Cupravit can be used 
to control the disease {Indian J. agric. Sci., 19^0, 20 , 
107 ; Nikam et al, loc. cit.). 

Betel vine is infested hy insects, particularly betel 
vine bugs, mealy bugs, aphids, mites, etc. Betel vine 
bugs {Disphinctus spp.) cause serious tlamage in parts 
of Andhra Pradesh, Madhya Pradesh, Madras, 
Mysore, Orissa and Uttar Pradesh. Dusting with 
Pyrodust or spraying with o.i per cent DDT is recom- 
mended for control. Similarly, for mealy bugs 
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{Fcrrisiana virgata Ckll., Lcpulosaphcs and Pseudo- 
coccus spp.), spraying with o.o6 per cent Malathion 
is useful. Both in the nymphal and adult stages, the 
hugs suck out the sap of the leaves and render them 
unfit for consumption \Mcm, Dep, Agric, Madras, 
No. 36, 1954. 933 ; Crop pests and how to fight 
them, 125: Plant Prot, Bull, New Delliif 1959, 
11 ( 1 - 4 ), 32 |- 

Aphids occur in groups on the underside of the 
leaves and both the nymphs and the adults suck the 
juice of the leaves. Follidol spray is an effective 
control measure. Mites cause great damage in the 
held vine gardens hy sapping the leaves. The leaves 
also show a blackish appearance, due to deposition 
of the excreta of the insects. The pest can be con- 
trolled hy lime-sulphur wash (Nikam et aL, loc. cit.). 

Harvesting and Yield — Usually, betel vine crops 
last for three years hut in some areas they are known 
to last up to 12 years. Under favourable conditions 
and good cultivation, the vines grow fast and produce 
leaves of consumahle size (|uile early. Harvesting 
starts in about 6 months after planting in some 
areas of Madras, Maharashtra, Kerala and y\ndhra 
Pradesh, where the life of the crop is short ; in other 
places it may vary from i to 3 years. Each vine is 
picked three, four or even five times in a year, hut the 
pickings are so arranged that all the vines are not 
picked at the same time. Further, two types of pick- 
ings are practised : in one all hut the youngest leaves 
arc picked out and in the other only 2 or 3 leaves arc 
picked : while the former practice gives a large 
luiinher of leaves, it weakens the vine and the annual 
pickings become less. In picking, the leaves are cut 
with the petioles clean and for this an artificial 
thumb-nail made of iron is often used (Yegna 
Narayan Aiyer, 528 ; Chaugule, loc. cit. ; Rao & 
Madhavachari, loc. cit.). 

The yield of betel vine varies considerably from 
place to place. As a rule, the yield is less in the first 
year hut gradually increases till the maximum is olv 
tained in ihe middle period of its life. The yield wanes 
towards the end. In West Bengal, the yield is reported 
to he 20 million leaves per hectare per year. In 
Bassein. Maharashtra, the yield in the first year is 
about 3.7 million leaves per hectare, rising to 15 
millions in the second year. In Mysore, betel gardens 
either grown independently or in conjunction with 
arecanut arc reported to yield i. 3-3.0 million 
leaves per hectare. The yield in Assam, Andhra 
Pradesh, Madras, Maharashtra, and Kerala ranges 
from 7.5 to 18.0 million leaves per hectare per year 


(Yegna Narayan Aiyer, 528 : D'Soir/a. Poona agric. 
Coll, Mag., 1955 56, 46 , 337 : Iruthayaraj, loc. cit.). 

Bleaching While fresh leaves are generally used 
for chewing, in some areas leaves suhjecteci to a 
process of bleaching or blanching are preferred. 
Bleached betel leaves normally fetch a higher price 
as they are lx‘lieved to possess some improved 
cpialities. Bleaching of leaves on a commercial scale 
is carried out in parts of North India, particularly at 
Varanasi, Gorakhpur, Ramtek (near Nagpur), and 
Poona and its neighbourhood: it is also reported to 
he done in parts of Vizianagaram (Andhra Pradesh). 
The bleaching process consists in moistening the 
leaves and allowing them to stand in a warm, 
ventilated place in the absence of sunlight. Leaves for 
bleaching should not he very tender and are taken 
from olcler vines with well developed leaves. They 
have a dark green colour with a prominent midrib and 
a rather rough stalk and surface. In commercial 
bleaching process, lots of 25-33 kg. of leaves (compris- 
ing i 6 ,ooo- 2 o,ix)o in number) are bleached at a time. 
The leaves after removal of the stalks are packed 
together in a basket (fio-75 cm. in diam., 30 45 cm. 
high) lined with matting, or in galvanized iron pots 
with plantain leaves .spread on the sides and the 
bottom. Betel leaves are arranged almost vertically in 
layers, forming 3 or 4 circles of leaves in each layer. A 
vertical empty space is left out in the centre for aera- 
tion. The leaves after arranging are .sprinkled with the 
retpiired tpiantity of water (2.5-7.5 kg., ilepentling 
upon the season) and coveretl with a moist gunny 
hag ; if the amount of water added is exce.ssive, the 
leaves become dark and rot (piickly without bleach- 
ing well, whereas if it is too inade(|uate, bleaching will 
be uneven and the leaves are apt to dry. During 
bleaching, the leaves turn gradually yellowish white. 
After 5 or 6 days, they are taken out of the containers, 
bleached and rotten leaves separated, and the re.st 
rearranged in the container, riu* examination of the 
leaves is repeated at intervals, and ilie whole proce.ss 
normally lakes 10-15 days in summer and 15-20 
days in cold .sea.sons. Roughly half of the leaves get 
bleached. I. eaves becoming turmeric yellow instead 
of yellowi.sh white and those hearing red or brown 
patches are discarded. Finally, bleached leaves are 
dried to remove surface moisture and packed for 
market. 

In some areas, a modified proce.ss is employed 
particularly for bleaching in winter. Instead of storing 
the leaves iti a room for bleaching, the baskets con- 
taining the leaves are kept in small pits 160 cm. x 
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loo cm. X loo cm. plastered with mud and pre- 
heated by burning cowdimg. This process takes 
about 10--15 days. Uleaebing can be effected more 
rapidly (in c. 6 days) and uniformly with less 
rotting losses at temperatures of 29-^3*^. Oxida- 
tion plays a prominent role in the bleaching of 
betel leaves. Pre.sencc of slight acidity during bleach- 
ing is necessary, while even traces of alkalinity lead 
to almost a complete destruction of the leaf [Yegna 
Narayan Aiyer, 531 : Mann vi aL, Mem. Dep. Agric. 
India, Chew., 1913-14, 3 , 17 ; Mann & Patwardhan, 
ibid., 1914-16, 4 , 281 ; Chaugule, loc. cit. ; Dastanc 
el al., Indian Fmg, N.S., 1957 58, 7 (io), 10; Lavania 
& Srivasfava, /Ign'c. Anim. Hush.. Utlar Pradesh, 
* 955 - 5 ^; > 3 |- 

Grading and Marketing — Tlic picked leaves arc 
washed, cleaned, counted and sorted into different 
gratles, according to si/e, colour, texture and maturity 
on which their chewing (juality depends. Grading is 


done in different ways in different areas, sometimes 
depending on their position on the vine, their 
maturity and place of production. In some parts of 
Deccan, the leaves gathered from the branches are 
called llatvan and arc considered the best ; those at 
the nodes on the main stem are of medium (piality 
and are known as Angwan. In some areas, the leaves 
are classiffed into three grades, Bahia (large sized), 
Adkc (medium sized) and Modwan (small sized). In 
Madhya Pradesh, they arc termed Bade pan (big 
leaved) and Khitti or Natwan (small leaved). On the 
basis of their colour and maturity on the vines, the 
new leaves are called Navati, the second ffush as 
Parati, and the third flush Tcrli ; those kept on the 
vines to mature for a long time till good market 
conditions are available arc called Junzvan. In Uttar 
Pradesh, the commercial grades recognized, mainly 
on basis of place of origin are: Desi (local), Maghai 
(Bihar), Bangla (Bengal), Jagannatlii (Orissa) and 
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FIG. 32-PIPBR BETI.E-LEAVES OF DIFFERENT lYPES 
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Kapoori (Madras). In Andhra Pradesh, tlic leaves are 
gradeil intu Kalli (first sort), Papada (second sort) and 
KalafrotJta (medium sort). Kdlli leaves are gathered 
from lateral shoots and are mostly consumed locally 
or in nearhy centres. Papada comprises the higger 
leaves exported to distant places. In Salem district 
(Madras), the leaves are graded into Mar and 
Chakkai leaves, the former comprising tender leaves 
from laterals and the latter the mature leaves front 
the main stem (Chaugule, loc. cit. ; Truthayaraj, loc. 
cit. ; Rao & Madhavachari, loc. cit.). 

In Madras, the pluckctl leaves after washing, clean- 
ing and counting are arranged in baskets before they 
are sent out for sale. The unit of sale in Chingleput 
district is one Kavili of kx) leaves, whereas in 
Coimbatore one Kavili consists of 200 leaves. In 
Coimbatore, the unit of packing is one Palajrai of 
2,000 leaves. In Andhra Pradesh and Maharashtra, 
unit of packing is a basket containing 3,cxxt to 6,(xx) 
leaves (lepending upon leaf size. In Kerala, the 
harvested leaves are graded according to size and 
maturity, and arranged in i(X)-leaf bundles in broad 
baskets, having a lining of pkintain leaves at the 
bottom. Water is sprinkled on the leaves and the 
basket covered with plantain leaves and tied up. In 
Madhya Pradesh, the leaves are generally packed in 
hanihoo baskets specially made for the purpose. They 
are first made into small bundles of kk) leaves each. 
The bundles are arranged in circular rows in the 
baskets. The rows are arranged from the periphery 
of the baskets and closed towards the centre. Thus 
rows upon rows are arranged. For protection during 
transit, a layer of Palas (llutca monos prrma) leaves is 
interposed between the pan layers and the walls of the 
basket | Iruthayaraj, loc. cit. : Malelu cl al., loc. cit. ; 
Chowdhari, Madras ai^ric. /., 1945, 33(3 ^ 4 )* 49 » 
Krishnan tV Kantiraj. ibid., 1941, 29 (i), 12 ; Bull. 
Indian Cocon. Comm., 1955-5^), 9 ( 2 ), 54]. 

Betel leaves arc consumed or marketed as early as 
possible after harvesting. Trials have shown that they 
can be stored in cold storage at a temperature of 
•'t^d an R.l I. of S5 90 per cent, the storage 
life of unpacked leaves extending up to 8 days. For 
better storage, packitig the leaves in polyethylene 
l)ags, with or without respiration vents is advocated, 
the mode of packing depending upon the temperature 
of storage {Ball. cent. Fd tcclinol. Res. Inst., Mysore, 
>955 56, 5 , 194 : Iyengar et al., ibid., 1955-56, 5 , 307). 

Small quantities of betel leaves are exported to 
some countries outside India. Table 2 gives details 
of exports of betel leaves during 1962-67. 


TABI.E 2-EXPORTS OF BETEL LEAVES FKOM INDIA 
(Qty in thousand k^;. and Vai. in ilioiisand Ks.) 


Countries 


196.1-64 

1964 6.=; 

196.> 66 

19f,6 67 

V.K. 

16.2 

2S.9 

67.S 

38.9 

6.6 

Kcny:i 

3.1.7 

32.6 

.S3 .9 

30.6 

13..S 

Aflfii 

19.1 

24..3 

38.2 

27.1 

3.1 

PakisUiii, Kast 

12.3 

2.0 

6.9 

(■•) 

1.2 

IL'ihri'in Isiaiiils 

7.S 

8.3 

7. 1 

4.3 

2.4 

Kuwait 

7.1 

11.3 

l.\7 

9.S 

3.0 

Nepal 

1.4 

(a) 

(a) 

54.6 

lo.s 

Others 

19.1 

21.9 

2S.4 

29.7 

12.0 

Tot\i. Qi y 

116.7 

1 29.3 

21. >.2 

1 9.^.3 

.^2.6 

TfriAL Val. 

199.8 

272.6 

411.4 

.^3‘».0 

1.S0.2 


(a) hriow l,00(i 


UriLiZA’noN ANT) CoNirosnioN 

Ulilizalion Betel leaves have a strong pungent 
aromatic flavour and are widely used as a masticatory. 
Generally, mature or overmature leaves which have 
ceased growing hut not yet become brittle are used 
for chewing. The basic preparation for chewing 
ptirj}oses consists of betel leaf smeared with hvdrated 
lime and catechu to which scrapings of arecanut are 
added ; flavourings such as coconut shavings, clove, 
cardamom, fennel, powderi:d lic|uorice, nutmeg and 
also tobacco are used according to one's taste. In 
some places prepared pan is covired with silvir 
or gold leaf. A he\ erage callerl pan-snpari nectar, lias 
been developed by the Central Food 'rechnological 
Research [nstitule, Mysore, and is said to he a good 
source of calcium |Gowda, Bot. Mas. Leafl. Harv., 
1951, 14 ( 8 ), 181 : Bull. cent. Fd teclinol. Res. Inst., 
Mysore, 1952-53, 2 , 2]. 

Chewing of betel leaves with various adjuncts is an 
anc ient practice in India and other countries of Fast 
Asia. As a masticatory, it is credited with many 
properties: it is aromatic, digestive, stimulant and 
carminative. Medicinally it is useful in catarrhal and 
pulmonary affections ; it is also used for poultices 
(Burkill, If, 1740; Kirt. Basil, III. 2132; Chopra. 
1958, 371 : Quisumhing, 213). 

Studies on the physiological effects of chewing hejel 
leaves have shown that the initial effects of chewing 
of betel with arecanut and other adjuncts are the 
excitation of the salivary glands and tin* irritation of 
the mucous membrane of tlie mouth. The red coloura- 
tion produced is due to a pigment in the arecanut, 
which manifests itself under the action of alkali in 
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lime and catechu. A mild degree of stimulation is 
produced, resulting in a sensation of warmth and 
well-being, besides imparting a pleasant odour. The 
active principle responsible for the stimulating effects 
upon the central nervous system is the alkaloid, 
arecoline present in arecanut ; lime helps in liberation 
of the alkaloid. The essential oil in the leaf is reported 
to enhance the effects of arecanut and to act syner- 
gistically upon the central nervous system (Chopra, 
' 95 S- 373 

Kxcessive indulgence in chewing for long periods is 
liable to produce dental caries, pyorrhoea alveolaris, 
oral sepsis, dyspepsia, palpitation, neurosis and slow 
cerebration. Chewing is reported to lead sometimes 
to carcinomatous growths in the mouth, hut it is 
considered that the use of tobacco with pan may 
he responsible for it ; this (piestion remains to be 
conclusively proved (Chopra, 1958, 375-77 ; Chopra 
& C’.hopra, 84-85 ; Eisen, C.micer Res., 1946, 6, 139 ; 
Fond Sci., i960, 9 , 137). 

Betel chewing is considered as a good and cheap 
source of dietary calcium. The calcium ingested is 
reported to he well absorbed by the system. How- 
ever, there are differences of opinion as to the source 
from which calcium is derived and its ingestion by 
the system. It has been stated that the availability of 
calcium from the leaf is ptxir, since nearly 94 per cent 
of the calcium present is hound up with oxalic acid 
and there is a considerable amount of free oxalic 
acid in the leaf, which interferes with the calcium 
utili/ation from other foods (Basil el al., fnduin /. 
med. Res., 1942, 30 , 309 ; Iyengar Ran, Ann. 
Bine It cm., 1952, 12 , 41). 

Composition — Analysis of a sample of fresh leaves 
gave the following values: moisture, 85.4; protein, 
3.1: fat, 0.8: carbohydrates, 6.1; fibre, 2.3; and 
mineral matter, 2.3^V, ; calcium, 230 mg. ; phosphorus, 
40 mg. ; iron, 7 mg. ; ionisahle iron, 3.5 mg. ; carotene 
(as vitamin A), 9,6(X) I.U. ; thiamine, 70 /ig. ; 
riboflavin, 30 /ig. ; nicotinic acid, 0.7 mg. ; and 
vitamin C, 5 mg. / too g. Betel leaves contain 3.4 /xg./ 
i(X) g. of iodine. They have a high content of 
potassium nitrate (0.26-0.42%), the amount depend- 
ing upon the position of the leaf on the vine. The 
imjxirtant constittients which determine the value of 
the leaf for chewing are the e.s.sential oil and the 
sugars. Betel leaves from Bombay contained reducing 
sugars (as glticose), 1. 4-3.2 ; non-reducing sugars (as 
sucrose), 0.6-2.5 ; total sugars, 2. 4-5.6 ; .starch, i.o- 
1.2 ; essential oil, 0.8-1. 8 ; and tannin, 1. 0-1.3% 
(Nutritive Value of Indian Foods, 83, 118, 14 1 ; Iodine 


Content of Fixxls, 122; Mann & Patwardhan, Mem, 
Dep, A^ric, India, Chem., 1914-16, 4 , 281 ; Mann 
et al., ibid., 1913-14, 3 , 17). 

Properly bleached betel leaves arc of a sunflower 
yellow to whitish yellow colour, very soft, tender, 
clear of any stains, very bright and become brighter 
on keeping. Brittle or too highly bleached leaves 
are not preferred. During bleaching, there is an 
increase in the essential oil content, acidity and 
reducing sugars and a decrease in non-reducing 
sugars, starch and diastase. Analysis of samples of 
fresh and bleached leaves from P(K)na showed, 
respectively: non-reducing sugars, 1.30, 0.29; 

reducing sugars, 0.43, 0.83 : .starch, 3.10, 1.44 : tannin, 
2.05, 1.89; ether extr., 15.7, 13.5: and e.ssential oil, 
1.23, 4.20 V.. I Mann ct al., loc. cit. ; Mann & 
Patwardhan, loc. cit. ; Dastane et al., Indian Fmg, 

N. S., 1957-58’ *«J- 

Leaves for chewing should contain little .starch 
and reducing sugars hut a high proportion of sucrose. 
Tannin and nitrate contents do not seem to inlluence 
the (]uality. The young leaves, not yet suflicienlly 
mature for picking, contain more of reducing sugars 
and little sucrose. The sugars, starch and tannin reach 
a maximum until the leaves mature and then decline 
to a constant amount. In overmature leave.s, reducing 
sugars account only for about one third of the total 
sugars. The sugars identilied in betel leaves include 
glucose, fructose, maltose and sucrose. The average 
content of free reducing sugars in different types of 
betel leaves from West Bengal ranged from 0.38 to 
1.46 per cent. The leaf juice is acidic in nature: 
malic and oxalic aciils have been reported. Diastase 
and catalase are among the en/.ymes present in the 
leaves. Alkaloids and glycosides are reported to be 
ab.sent |Mann 6 c Patwardhan, loc. cit. ; Mann el al., 
loc. cit. : Airan & Sheth, /. Univ. Bomhav, NS., 
1957-58, 26A(42), pt 3, i ; Banerjee & Pain, Sci. & 
Cult,, 1936-37, 2 , 523 ; Basil et al., J. Indian chem. 
Sac., 1934, 11 , 265], 

The leaves contain good amount of B vitamins 
(particularly nicotinic acid), ascorbic acid and 
carotene. The vitamin values of different Bengal types 
ranged as follows: carotene, 1.9 mg.; thiamine, 
H>-i2 /<g. : riboflavin, 1. 9-3.5 /ig. ; nicotinic jicid, 

O. 63-0.89 mg. ; and ascorbic acid, 23.5-31.1 mg./ 100 g. 
In another investigation, the ascorbic acid content of 
different types of betel from West Bengal ranged 
from 4.3 to 22.5 mg./ 100 g. Betel leaves from Bombay 
contained 2.45 mg./ 100 g. of carotene (17.5 mg./ 
100 g. on dry basis) [Sanyal & Sen, Proc, Indian Sci, 
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Congr., 1956, j)t III, 349 : Acharya & Malpt^orwala, 
/. Univ, Bombay, NS., 1952 53, 2IA(32), pr 3, 47: 
Chani & SiaK Pakisi. J. Sci., 1952, 4, 153 ; Bancrjec 
& Pain, loc. cut.]. 

The leaves contain significant amounts of all ihe 
essential amino acids except lysine, histidine and 
arginine which occur in traces. Large concentrations 
of asparagine are present, while glycine (in a com- 
hined stale) and proline occur in good anioimts : 
ornithine is present in traces. An acjueous dilTusare 
of the hleached leaves contained the following 
amino acids: leucine, 18.3; phenylalanine, 14.2; 
alanine, ii.o; arginine, 2.4; threonine. 12.0: serine. 
22.1: aspartic acid, 23.0: glutamic acid, 29.7: 
methionine*, 13.5: valine, 3.S : tyrosine, 1.2; and 
y-aminohutyric acid, 20.2 mg./ too ml. (Radha- 
krishnan cl a!,, J. luduin Inst. Sci., 1955. 37 A, 178 : 
Airan & Sheth. loc. cit.). 

Oil of Betel — ^The most iinporianr factor deter- 
mining the aromatic value of the leaf is the amount 
and particularly the nature of the essential oil present. 
Betel leaves from diirereiit regions vary in smell and 
taste, 'rhe most pungent is the Sauclii ty])e, while the 
most mild and sweet ones are from Madras. 'Phe 


essential oil content of different Indian types varies 
from 0.7 to 2.6 per cent. The yield of oil depends 
upon such factors as the type, situation on the vine, 
time of plucking, and nature of material distilled — 
fresh or dry, hleached or unbleached. Leaves from the 
upper parts of the plant, especially on the branches 
contain more essential oil than iliose from the lower 
parts. The oil content increases with the matiiritv of 
the leaves hut declines in over-ripe leaves. During 
bleaching, the oil content of the li*aves increases 
considerably : in a particular study, it rose from 
1.2 per cent in the unbleached leaf to ^.2 per cent in 
the bleached product (Ohani A' Sial. loc. l ii. : Dutt. 
hiduni Soap 1955-56. 21, 275 ; Guenther, V, 160 ; 
Mann et al.. loc. cit. : Mann & Patwardhan. loc. lii.). 

Oil of betel is a bright yellow to dark brown H(|uid 
posse.ssing an aromatic, somewhat creosote like odour 
resembling that of tea, and with a j)nngent. sharp 
taste. Oils from fresh leaves have a lower specific 
gravity and are brighter as compared to thr»se from 
dried material. C'haracteristics of oils distilled from 
leaves from different places in India are given in 
'Pable. 3. The oil consists of phenols anti terpenes, 
their relative proportions varying with the origin of 
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CaldiUa' 

( Gorakhpur' 

Saiigor®-‘ 

Ilrnnbay* 

Kanitek' 

(Bleached 

YicWI, 

1.2 

0.7 

0.7 


2.6 

Sp. gr. 

0.«i40S 

0.9452 

0.9691 
(at 27 ) 

0.9404 
(at 28 ) 

1.0182 

/f 

1.5048 

1.5066 

1.507.1 
(at 27 ) 

1 .50.15 

1 ..■'OSS 

l"l.. 

-fO.O' 

4-1.8’ 

49..1 

1.9 

! 2.5 

v.'il. 

8.4 

7.8 

16.1.2 

I27.S 

5.S 

S:)p. sat. after ai'i'tvlatidn 

1.T1.2 

128.4 

:1.12.6 

284».7 

1 5S.U 

Aeifl val. 

4.2 

4.6 

5.5 

.17.1 

ll.S 

Plu’iinl lonU'iit, 

.S8.S 

41.6 

54.6 

42'- 

76.8 

Sriluhilily in S0‘\, alcolidi 

Cotnlmsitiou, 

Kiigcnol 

.Soluble 

Soluble 

.Soluble 

Soluble 

Soluble 
\iitb ^li;4ll 
njialcM «'U( 

42.5 

26.8 

40.5 


.IS. 5 

Carvairol 

4.S 

2.2 

4.4 


5.6 

Chavieol 

7.2 

8.2 

5.1 


16.7 

Allyl latcclidl 

2.7 

4.6 

5.5 


6.2 

(Tiavil)c'tol 

1.2 

nil 

nil 


9.6 

Cincolc 

4.S 

.1.6 

6.2 


2.4 

Kstragol 

7.6 

14.6 

7.5 


Mil 

Ku^ciiol methyl ether 

8.2 

1.S.8 



4.2 

/>-Cymeiic 

1.2 

1.2 

11.9 


2.5 

Ctiryophyllene 

6.2 

9.8 


.1.0 

Cadiiiciie 

8.S 

6.7 

9.1 


2.4 

Lhiideiitificfl si*s(|uiler|)ciics 

4.5 

5.8 



6.8 

^ Dint, Indian Soap /., 1055- 
" TTie oil conudns also d-ter 
ehavibetol. 

.56. 21. 275 ; * NiKaiii & Purohit, RicchstolJv 

14. .-Iroiiien, 1962, 

12, 185. 

eii};enol with 

[)iiieiie (2..V’o) and an 

iinideiitilied y-laelone 

sesc|uiterpcnene (7 

.5",',) ; Predoiiiiiianlly 
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the leaves. The higher the proportion of phenols in 
the oil, the better the quality. Bleaching of leaves is 
reported to increase the concentration of phenols in 
the oil. An isomer of cugcnol named chavibetol 
(betel phenol: 4-alIyl-2-hydroxy-i-mcthoxy benzene; 
CiolIiaOj, m.p. 8.5°) is considered to be the charac- 
teristic constituent of betel oil : it was, however, 
absent in some Indian samples. Betel oils of Indian 
types contain eugenol as the predominant phenolic 
constituent (Gildemeister & Hoffm.'inn, TV, 530 ; 
Mann et «/., loc. cit. ; Mann & Patwardhan, loc. cit. ; 
Dutt, loc. cit. : Dictionary of Organic Compounds, 

1. 585). 

Oil of betel has been used in the treatment of 
various respiratory catarrhs, and as a local applica- 
tion, either hy gargle or by inhalation, in diphtheria. 
It has carminative properties. The oil shows a marked 
irritant action on the skin and mucous membrane. 
It produces an inflammatory reaction when injected 
subcutaneously or intramuscularly. In moderate 
doses, it appears to have antispasmodic action on 
involuntary muscle tissue, inhibiting excessive 
peristaltic movements of the intestines. It exhibits a 
depressant action on the central nervous system of 
mammals : lethal doses produce deep narcosis lead- 
ing to death within a few hours (U.S.l)., 1955, 1602 ; 
Chopra vt ///., Indian /. med. Res,, 1954, 42 , 385). 

The essential oil and extracts of the leaves possess 
activity against several Gram-positive and Gram- 
negative l)actcria such as Micrococcus pyofrencs var. 
alhtis and var. aureus. Bacillus suhtilis and B, mega- 
tcrium, Diplococcus pneumoniae. Streptococcus 
pyoffenes, Escherichia coli, Salmonella l\phosa, 
Vibrio comma. Shigella dysentcriae, Proteus vulgaris. 
Pseudomonas solanacaerum, Sarcina lutea and 
Envinia carotovora. The antiseptic activity is 
probably due to the presence chavicol. The essential 
oil and leaf extracts also showed antifungal activity 
against AsperfriUus nijrer and A, oryzae, Curvularia 
lunata and Fusarium oxysporum. The oil is found to 
he lethal in about 5 minutes to the protozoa, 
Paramoecium caudatum, in dilutions of tip to 
1 : io,ocx). It inhibits the growth of Vibrio cholerac 
in a dilution of i:4,o(X), Salmonella typhosum and 
Shifrella flcxtieri in i:3,o:m), and Escherichia coli 
para A and Micrococcus pyogenes var. aureus in 
1 :2,o(X). Steam-distillate of the leaves showed activity 
against Mycobacterium tuberculosis in dilutions of 
i:j,ooo (Pai Sc Irani, Indian med, Gaz,, 1950, 85 , 
302 ; Bhatnagar et ai, Indian J, med. Res., 1961, 49 , 
799 ; Chopra et al., ibid., 1954, 42 , 385 ; Bangar et al., 


Indian J, Pharm,, 1966, 28 , 327 ; Lewis, 318 ; Gupta 
& Viswanathan, Antibiot. & Chemother., 1956, 6, 
194 ; George et al., J. sci. industr. Res., 1947, 6B, 42). 

Betel leaves possess an anti-oxidant action ; when 
heated with oils and fats, especially ghee, they check 
the development of rancidity in them. They are 
effective in preserving refined groundnut, mustard, 
sesame, coconut and safflower oils. The anti-oxidant 
action of the leaves is due to the presence of phenols, 
particularly hydroxy-chavicol (4-allyl pyrocatechol), 
the effect of which is comparable to the well-known 
anti-oxidants like propyl gallate, NGDA and BHA. 
Hydroxy-chavicol is easily soluble and in the con- 
centrations employed (up to 0.03%) does not impart 
any odour or taste to the oils. The ascorbic acid in 
the leaves probably acts as a synergist to the phenols 
present in them (Sethi Sc Aggarwal, J. sci. industr. 
Res., 1952, IIB, 468 ; 1956, 15 B, 34). 

P. cubeba Linn. f. C'cukbs, Tailed Pepper 

D.K.P., VI(i). 257 ; C.P., 890 ; FI. Java, I, 170. 

Hindi Si Beno. — Kabab chini ; Mar. — Himsi mire, 
kababa chini, kankola ; Grj. — Kababchim, tada- 
miri ; Tel. — Chalava-miriyalu. tokamiriyalu ; Tam. 
Sc Mal. — Val-milaku ; Kan.*- -B r/ir/ menasu, 

A liana-like climber, native of Indonesia, reported 
to be cultivated in India, but the fruits are largely 
imported (Table 4). Leaves glabrous, ovate oblong 
with cordate or rounded base ; fruit siih-glohose, 
6-8 mm. diam., somewhat apiculate, stalkeil. I'his is 
a very variable species cultivated mostly in Java and 
Sumatra. Efforts have been made to cultivate it in 
India, mostly in Mysore, hut nor or on a commercial 
scale. Ctibebs can be easily grown hy planting at the 
foot of the shade trees in coffee plantations. The 
fruits arc collected when fully grown hut still green, 
and dried in the sun when they become black and 
wrinkled (Nicholls Sc Holland, 364). 


TABLE 4-lMPORT.S OF CUDEBS INTO INDIA 
(Qly ill llioiisaiid kg. and Val. in ihoiisand Ks.) 
Countries from whicli imported 


^ ^ 



Malay.sia 

Singa- 

pore 

Indo- 

nesia 

Others 

rotal 

Qiy 

Total 

Val. 

l%2 63 

47.1 

23.1 

nil 

nil 

70.2 

249.9 

1963 64 

42.7 

32.1 

nil 

2.6 

77.4 

192.4 

1964 6.S 

.\v9 

26.2 

nil 

nil 

82.1 

171.5 

1965-66 

104.5 

nil 

0.4 

nil 

104.9 

218.9 

1966-67 

17.6 

35.7 

2.7 

0.5 

56.5 

142.1 
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The fruit is almost globular (diam., 3-6 mm.), with 
a slender stalk-like portion (length, up to 7 mm.) 
attached to its base ; hence cuhebs arc also known as 
Tailed Pepper. The pericarp is dusky red to slightly 
brown, rarely greyish in colour. Cuhebs possess a 
spicy, aromatic odour and a somewhat hitter and 
acrid taste. Piper species yielding fruits of similar 
nature are: P, ribesioidcs Wall, and P. sumatrana 
DC. which are considered possibly as large forms of 
P. cuheha. Fruits of other species of Piper like 
P. crassipes Korth., P. cunnum Blume and P. haccatum 
Blume are reported to he used as substitutes or 
adulterants. Fruits obtained from R dusii DC. and 
P, guitiecnse DC. are also used as substitutes : they 
are often called False Cuhebs and are obtained from 
Africa. Fruits of Litsea cubehn IVrs. are also used as 
substitute (Burkill, Jl, 1737, 1 742- 44, 1752 ; Guenther, 
V, 149 : van Stccnis Kruseman, Hull, Org, sd. Res, 
Indonesifi, No. 18, 1953, 40). 

Adulteration of true cuhebs with similar fruits 
from other Piper spp. can he detected by visual 
examination, or under the microscope, or by treat- 
ment with sulphuric acid with which the true fruits 
develop a bright red colour, while the adulterants 
give a violet or brownish colour. Trade standards 
re([tiire that a given lot of cuhebs should contain: 
.shrivelled and immature fruits, ]}>to: stems, ]J>5 ; 
foreign orgatiic matter, 'Jpi : and acid-insoluble ash, 
J>2‘\, ; each icx) g. of the cuhebs should yield not 
less than 13 ml. of volatile oil (Guenther, V, 148- 50). 

The most characteristic constituent of ciihch is the 
essential oil (Oil of Ciiheh), the proportion of which 
varies from 5 to 20 per cent. In addition, the fruits 
contain resinous matter (6.4-8.5'\,), guiii, colouring 
matter, fixed oil, starch and nitrogenous substances. 
'Fhe resinous matter is made up of several acidic and 
neutral substances of undetermined composition, 
including cubebin (C.j„Il2„0,., m.p. 132®) having a 
hitter taste, cuhehol and cuhehic acid. The therapeutic 
value of the drug is said to he largely due to cuhehic 
acid (U.S.D., 1955, 403 ; Guenther, V, 152 : Wehmer, 
I, 197 ; Thorpe, IX, 90). 

Oil of cuheh is obtained Ijy steam distillation of the 
crushed fruits. The oil derived from true cuhebs is a 
somewhat viscous lujuid, light green to blue green in 
colour, possessing a spicy odour characteristic of 
the fruits and a warm, camphoraccous, .slightly acrid 
taste. To obtain a colourIc.ss oil, the highest boiling 
blue fractions are separated from the main oil during 
distillation. In general, the oils distilled from true 
fruits are characterized by a pronounced laevo-rotation 


and a high specific gravity, whereas most oils from 
spurious cuhebs exhibit dextro-rotation and a com- 
paratively low specific gravity. Oils from old fruits 
possess a higher specific gravity than those from 
recently harvested ones, due probably to the presence 
of cuheh camphor. Table 5 gives the physico-chemical 
properties of cuheh oils (Guenther, V, 150-53). 

Karly investigations on chemical composition of 
the oil indicated the piesence of a dipentene, a 
/-terpene (pinene or camphene), /-cadinene, a/uleiie, 
and the so-called cuheh camphor which is probably 
a sescjuiterpene alcohol (CiTlanD, m.p. 105-06'') 
found especially in oils from old .samples. Examina- 
tion of a dextro-rotatory oil (|a|j^, -1-25.6'') distilled 
from My.sore .samples, showed the folb)wing approxi- 
mate composition: rf-.sabinene, 33: t/-A*-carene and 
1,4-cineolc, 12 : t/-terpinen-4-ol and other terpene 
alcohols, 1 1 : sesquiterpenes mainly Z-cadinene, 14 ; 
and se.squiterpene alcohols, 17%. The dextro-rotation 
of this oil leads one to suspect that it was distilled 
from spurious fruits, hut the authors claim that the 
cuhebs u.sed were of undoubted authenticity, though 
possibly slightly immature. In a more recent investi- 
gation, the oil derived from another sample was 
found to be lacvo-rolatory -lo.i ') and to 

contain about 50 per cent of .se.s(|uiterpene compounds 
including a mixture of copaene and a cadalene ty|)e 
.sesc|uiterpene (7.2%). a new tricyclic se.sc|uiierpene 


TABLE 5-PHYSlCO^HFMlCAI. PROPERTIES OF OIL OF CUliEB 



l'f»rci);ii CoininiTcial 
Sampk> 

<I) 

My.Mirc .Sainplc.s 



t — 

12) 

i.ti 

10 

Yu*M f»f oil, 

u' 

10 IS 

II.S 

7.5 

5.S 

S|>.Kr.’- 

0.915 0.9.10 

0.9167 

O.H9.I7 
(at .to ) 

0.S994 
(at 25 

l-l.. 

25 to 45 

29.9 

I 25.6 

l(L7 

w*'" 

l.49.<S-l.49SI 

I.4H94 
(at 25 ) 

l.4Sil 
(at .to ) 

I.4SS5 
(at 25 

Acid val. 

up to O.S 


0.S 

0.5 

K.sfer val. 

1.9 5.6 

0.5* 

S.l 

\S,1 

Kster val. 25 -.tO 

after acclylatum 

24.1 + 

.S4+ 

45.2 

Solubility 
in 9(1% 
alcohol 

up to 

10 vols. 

5 \ols. 




' Oiic’iitluT, V, I.SO; * Ran ft ///., J. hidiun Inst. Set'., 1925, HA, 
159; *Ra() vt «/.. ]. Sac, t hem, buL, LomL, I92S, 47, 92T ; 
* Ra/claii & Blinltacharvya, Pcrfutn. cssnit. Oil Rrc., 1954, 45, I SI. 
* Sap. val. t Sap. vat. after acrtylation. 
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(5‘X,), a scsciuiicrpciu* alcohol prol)al)ly /-cacUnol (3%). 
a new scscjuiterjKMic alcohol of the cadalcnc type 
(5'V.), an azulcnc alcohol and a/iilcnc probably 
S-guaiaziilcnc (iVc.) (Guenther, V, 153 ; Rao el nL, J. 
Soc. chew, hid., Ltwd., i(;28, 47 , yzT ; Kazdan 
Bhattacharyya, Perfum. csscut. Oil Rec., 1954, 45 , 
181). 

Lises — Ciihcbs are used as a drug and as a spice. 
The powdered fruits are employed in the trealiiient 
of dysentery, catarrh and as an aromatic stimulant, 
local irritant, anriasrhmatic, diuretic, carminative 
and sedative, and in rheumatism. They have been 
used as an internal antiseptic in gonorrhoeal urethritis 
and as an expectorant and stimulant to the hronc'heal 
mucous membrane. Ihe most commonly used pre- 
paration is in the form of cubeh oleoresin, whic'h is 
prepared by extracting cubebs with alcohol or ether. 
Oil of cube!) was formerly used in the same way «is the 
fruits, hut at present, it is rarely employed medici- 
nally except as a local remedy in the form of lozenges 
for the relief of various throat conditions. It is used 
for Hav<Hiring of hitters and cigarettes and as a 
condiment. It may he employed in traces for per- 
fuming soaps (Snell & Snell, 519 : U.S.D., 1955, » 

Guenther, V, 155 : Poiicher, 1 , 148). 

Alcoholic extracts of cuhehs showed antibacterial 
activity against Micrococcus /)vogc/u».s* var. aureus 
while acetone extracts were effective as mos(|uito 
larvicides. Cuheh oil is reported to be effective against 
influenza virus and Bacillus l\ldiosus. When taken 
by mouth, it is found to exert a po.sitive, if not very 
strong, antiseptic effect on urine ((k’orge el aL, J. sci. 
industr. Res., i(;47, 6B, 42 ; Hose el (d., ihid., 1949, 8B, 
157 ; Chew. Ahstr., 1948, 42 , 4301 ; i960, 54 , 21459; 

u.s.n.. 1955. 403). 

P. longum Linn. Indian I^)nc; Pkim»kr 

D.K.P., VI(i), 258 : G.P., 891 : FI. Hr. Ind., V, 78 ; 
Kirt. & Basil, III, 2128, PI. 821 A. 

Hindi — Pipal, pipli, piplawul (root) : Hkng.- 
Piplawor (root) : Mak. — PImpli ; Gr.|. — Pipit ; Tki.. - 
Pippuloo ; 1 \\M. — Tippili, pippili, sirumuhnn, 

kaudan tippili (root) ; Kan. — Hippali, tippali ; Mal. 
- Tippali, pippali, magadhi, 

A slender aromatic climber with perennial woody 
roots occurring in the hotter parts of India, from 
Central Himalayas to Assam, Kbasi and Mikir bills, 
lower hills of Bengal, and evergreen forests of western 
ghats from Konkan to Travancore ; it has been 
recorded also from Car Nicobar Islands. Stems creep- 
ing, jointed : young shoots downy : leaves 5-9 cm. 


long, 3-5 cm. wide, ovate, cordate with broad rounded 
lobes at base, subacute, entire, glabrous ; spikes 
cylindrical pedunculate, male larger and slender, 
female i. 3-2.5 cm. long and 4-5 mm. diam. ; fruits 
ovoid, yellowish orange, sunk in fleshy spike. 

I.ong pepper as sold in India appc'ars to be derived 
from two or three species, including one which is 
Indonesian. Indian Long Pepper is a product either of 
P. longum or P. peepuloides, while the Indonesian or 
Java Long Pepper imported from Malaysia is from P, 
ret rofrac turn. The products of these species are used 
for the .same purposes, though they vary in their 
effectiveness. Indian long pepper is mostly derived 
from the wild plant. s, the main .sources of supply 
being As.sam, West Bengal, Nepal and Uttar Pradesh. 
Small c|uantitie.s are also available from evergreen 
forests of Kerala. West Bengal and certain parts of 
Andhra Pradesh. It is reported to he cultivated at 
low elevations in Anaimalai hills in Madras and pans 
of Assam, particularly in the Cherrapuiiji area (Atal 
& Ojha, Econ. Bol., 1965. 19 , 157 : Information from 
Industrial Section, Indian Museum. Calcutta). 

P. longum is cultivated on a large .scale in limestone 
.soil, 45 o- 6(X) m. below the Cherrapunji region which 
receives very heavy rains from the end of March to 
the middle of September and where the relative 
humidity is high. Long pepper is cultivated mainly 
by layering of mature branches or by suc kers planted 
at the hc'ginning of the rainy .season. The vines are 
well manured with cowdung cake and start hearing 
thive to four years after planting. The spikes are 
harvested in January, while still green and nnripe, as 
they are most pungent at this stage. They are dried 
in the sun when they turn grey. Bhe yield increa.ses 
from 560 kg. per hectare in the first year to 1,680 kg. 
per hectare in the third. After the third year, the 
vines become less productive and should be replaced 
(Ridley. 314-15). 

India imports a large cpiantity of long pepper from 
Malaysia and Singapore (Fable 6). In i(;66-67, the 


TABI.E 6-lMPORlS OF LONG PEPPER INTO INDIA 
(Qty in thoiisnnd kg. and Val. in ilioiisand Ks.) 
r4)unti'ics from which iniporlcd 



Malaysia 

Singapore 

Indonesia 

Others 

T«>tal 

C^ty 

Total 

Val. 

I%2 (i^ 

2I0.S 

101.6 

nil 

nil 

.^12.4 

864.7 

1%.' 64 

194.2 

92.1 

nil 

nil 

286.3 

810.8 

1964 65 

I79.I 

85.2 

O.S 

7.0 

272.1 

1.014.0 

1965-66 

65.5 

nil 

0.6 

5.0 

71. 1 

2.V).9 

1966 67 

S6.6 

.S3.1 

22.^ 

nil 

162.0 

4.S2.8 
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5 6 7 

FIG. M-DIFFFRL-Nl TYPliS Ol’ I.ONG PEPPI-K : 1, Miinihidabad (Adi) ; 2. ShillonK (Savali) ; 5, CWh Bihar ft AMam (BiNiki) : 
<1, CiMich Brhac ft A»jiam (Gol) ; Piirnra : 6, Central Bengal ; 7« Indonrna (Piper rctrofrarium) 


total imports amounted to i62,0(X) k^. valued at 
nearly 4.5 lakh rupirs. A small (pianrity of long 
pepper is exported in some years to Afghanistan, 
Ceylon and Pakistan. Prohahly the imports are mostly 
of Java type from P. rctrofractum, while exports are 
of P, Um^inn and P, pccpttloidcs. 

The fruits are used as spice and also in pickles 
and preserves. They have a pungent pepper-like taste 
and produce salivation and numhness of the mouth. 
Since both P. Umgmn and P. retro f rad uni arc often 
passed under the common name of long pepper, 
some uncertainty exists as to I he identity of samples 
on which microscopical and chemical studies have 
been reported. Recent work on the fruit of P. longum 
has .shown the presence of the alkaloids piperine 
(4-5//1) and piplartine (m.p. 124-25"), and two new 
licjiiid alkaloids, one of which is designated as alkaloid 
A. This is closely related to pellitorinc producing 
marked salivation, numhness and a tingling sensation 


of mucous membranes of the mouth. Alkaloid A 
showed significant in vitro antiiuhercular aciivilv 
against Mycobacterium tuberculosis H-37 Rv strain ; 
it inhibited the growrli of the bacillus in 2o//g.. inl. 
concentrations. Sesamin m.p. 122), 

dihydrostigmasterol and a new sterol, piplaslerol are 
also present (Aral & Ojha, Peon. Bot., 19 , 157 ; 
Winton & Winton, IV, 336-37 ; Atal et al.. Indian /. 
ChenUy 1966, 4 , 252 : Indian /. Pharm,, 1966, 28 , So ; 
Information from rndian Council of Medical 
Research, New Delhi). 

A sample of dried fruit of P, longum on steam 
distillation gave 0.7 per cent of an essential oil with 
spicy odour resembling that of pi'pper and ginger 
oils, and having the following characteristics: 
d*" , 0.S484 : 1.4769: |a]„, -40.1”: solid, p., 

-6° ; acid val., 7.2 : sap. val., 8.9 ; sap. val. after 
acetylation, 12.8 ; and sol. in 20 vol. of 957,', alcohol. 
The oil contained : /2-hexadecane, 0.7 ; u-hej)tade- 
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canc, 6.0 ; H-octaclccanc, 5.3 ; H-nonarlccanc, 5.8 ; 
/i-cicosanc, 4.7 «-hcneicosane, 2.5; a-thujenc, 1.7; 
tcrpinolcnc, 1.3; zingibcrcnc, 7.0; p-cymcne, 1,3; 
/)-mcthoxy acetophenone, trace ; dihycirocarveol, 4.3 ; 
phencthyl alcoliol, 2.! : and 2 new monocyclic sesqui- 
terpenes (b.p. 235'' and 247®), 15.5, ii.i% respectively 
(llanda rt aU, Pnrfum, //. Kosnivtik, h;63, 44 , 233)* 

Besides fruits, the roots and thicker parts of stem 
are cut and dried and used as an important drug 
(ril)lamtd) in the Ayurvedic and Unani systems. In 
some hilly parts of Vishakhapatnam district in 
Andhra Fradesh, long pepper is grown for its roots. 
It is grown as a perennial in small plots of 25-50 cents 
and the roots are collected for 10-30 years, the first 
harvest commencing from 18 months after planting. 
The stems close to the ground are cut and the roots 
dug up, cleaned and heaped in shade for a day, after 
which they are cut into pieces of 2.5-5 
an average 5 (k) kg. of roots are obtained per hectare. 
The produce is graded and packed in gunnies into 
packets of 37,2 kg. each. Pipal roots from Vishakha- 
patnam are exported to Bombay, Surat, Ahmadabad, 
Kanpur, Madras and l\ini (Parthasarathy & 
Narasiinha Rao, Andhra afrric. 1954, 1, 299 ; 
rnformation from Shri Bhujanga Rao, Dep. Agric., 
Andhra Pradesh). 

Tliere are three grades of Pifylamul, Giade 1 with 
thick roots and underground stems fetching higher 
price than (Jrade If or III, which comprise either thin 
roots, stems or broken fragments. Commercial drug 
consists almost entirely of transversely cut pieces 
(length, 5-25 mm.; diam., 2-7 mm.) which are 
cylindrical, straight or slightly curved, and some 
with distinct, swollen internodes showing a number 
ol leal and rootlet .scars. 'Fhe surface of the pieces is 
dirty, light brown in colour. The drug has a 
peculiar odour and a pungent hitter taste producing 
numbness on the tongue. It contains piperine (0.15- 
o.iS'v,), piplartine (0.13 0.20%), and traces of a yellow 
crystalline pungent alkaloid (m.p. 116-17"). Other 
constituents found in the drug include triacontane, 
dihydrosiigmasterol, an unidentified steroid (m.p. 
122 -23' ), reducing sugars and glycosides. Two new 
alkaloids, named piperlongumine (probably identical 
with piplartine : C,-H,„O.N, m.p. 124° ; 0.2-0.25%) 
and piperlongiiminine (C,,jH,,, 0 .,N, m.p. 166-68° ; 
0.02%), besides pijierine have been isolated from the 
roots in another investigation (Parthasarathy & 
Narasiinha Rao, loc. cit. ; Atal & Banga, Indian /. 
Pharm., 1962, 24 , 29, 105 ; Curr. Sci., 1963, 32 , 354 ; 
Atal & Ojha, loc. cit. ; Koman, 1918, 18, 27 ; 



Dep. A^ric.f Andhra Pradesh 
FIG. 34-PIPER LONGUM-ROOTS (PIPLAMUL) 


Chatterjee & Dutta, Sci, & Cnlt.^ 1963, 29 , 568 ; 
Tetrahedron Lett., 1966, 1797 ; Tetrahedron, 1967, 
23 , 1769). 

The fruits as well as the roots are attrihufed with 
numerous medicinal uses, and may he used for 
diseases of respiratory tract, viz. cough, bronchitis, 
asthma, etc. ; as counter-irritant and analgesic when 
applied locally for muscular pains and inllamma- 
tion ; as snull in coma and drowsiness and internally 
as carminative ; as sedative in insomnia and epilepsy ; 
as general tonic and haematinic ; as cholagogue in 
obstruction of bile duct and gall bladder ; as an 
emmenagoguc and ahortifacient ; and for miscellane- 
ous purposes as anthelmintic, and in dysentery and 
leprosy (Atal & Ojha, loc. cit.). 

Alcoholic extracts of the dry fruits and aqueous 
extracts of the leaves showed activity against Micro- 
coccus pyogenes var. aureus and Escherichia coli 
Kther extract of the fruits showed larvicidal proper- 
ties I George et ai, /. sci. industr. Res., 1947, 4^ I 

Gokhale el al., J. IJniv. Bombay, N.S., 1947-48, 
16A(33). I>t 5 . 47]- 
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In Chora Nagpur the root is used to ferment rice 
beer. In Andaman Islands, the leaves are chewed like 
betel leaves [FI. Assam, IV, 34 ; Srinivasan, Bull, bot, 
Surv, India, i960, 2 (i & 2), 15]. 

P. nigrum Linn. Black Pkpper 

D.E.P., VI(i), 261 ; C.P., 896 ; FI. Br. Ind., V, 90. 
Sans. — Maricha, ushana, hapusha ; Hindi, Beng. — 
Kalimirch, kalamorkh, gobnorkh ; Mam— Kali- 
mirch, mire ; Gv]. -Kalamari, kalomirich ; Tel. — 
Miriyala tige ; Tam. — Milagu ; Kan. — Kare mcnasu ; 
Mal. — Kurumulaku, nallamulaku. 

A branching, climbing perennial shrub, mostly 
found cultivated in the hot and moist parts of India, 
Ceylon and other tropical countries. Branches stout, 
trailing and rooting at the nodes ; leaves entire, 
12.5-17.5 by 5.0-12.5 cm., very variable in breadth, 
sometimes glaucous beneath, base acute rounded or 
cordate, ecpial or unequal : ilowers minute in spikes, 
usually dioecious, hut often the female bears 2 
anthers, and the male, a pistillode ; fruiting spikes 





r.C.AM., Neiv Delhi 

FIG. 15-PlPEK MGRUN-HARVESTED SPIKES 


very variable in length and robustness, rachis glab- 
rous : fruits* ovoid or globose, bright red when ripe ; 
seeds usually globose, testa tbin, albumin hard. 

Pepper is one of the most ancient crops cultivated 
in India and has probably originated in rbe lulls of 
south-western India, where it is met with in a wild 
state in the rain forests from North Kanara to 
Kanniyakumari. The |)epper vine in its wild state is 
mostly dioecious and consei|uently rarely sets fruit. 
Under cultivated condition, however, the fruiting is 
very much better, since most of the cultivated tyjtes 
are bisexual. The bisexual types have probably origi- 
nated from the wild ones, as a result of continuous 
selection and vegetative propagation by man through 
ages. It is probable that the cultivated forms in 
different regions have originated from wild jieppers 
of the same region, as they show considerable 
variation in habit, size and shape of fruits and their 
fruiting behaviour (Biirkill, II, 1747, 1749: Barber, 
Agric. /. India, 1906, 1 , 163 : Abraham. Farm Bull., 
No- 55 - > 959 )- 

The bisexital cultivated types of pepper exhibit 
great variability in the percentage of bisexual or 
productive ilowers on their spikes. l*he higher the 
percentage of bisexual Ilowers in a type, the greater 
is its productivity. In the Kerala coast, the percent- 
age of bisexual flowers in the cultivated types varies 
from to to 98. Most of the very high-yielding and 
popularly cultivated types produce as much as 70 to 
98 per cent bisexual flowers. Under intense shade 
conditions the bisexual types produce more female 
flowers and less of hermaphrodite flowers (Abraham, 
loc. cit.). 

Several types of pepper are known in cultivation 
and their precise identilication is rather difliciilt, 
since some of them go by different names in different 
regions. Generally, the choice of a type depends on its 
yield and resistance to diseases and pests. The charac- 
teristics of important types t)f pepper grown in 
various regions are given in Table 7. It is stated that 
a high yielding type should have long .spikes, with 
good-.sized fruits compactly .set all over. Generally, 
the Travancore types are hardy, their shoots strike 
roots easily and make rapid growth. Some of them 
are more short-lived than the types of other regions, 
hut hear proftise crops. Almost all the types culti- 
vated at present are .selections from wild plants. 1'bere 
is considerable scope for combining the high yield, 
hardiness, disease resistance, and (piality attributes 

* (Generally di'srribcd in most publications as berries ; the fruits 
are botanically drupi‘.s. 
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Ty|us 

Hal.'iiiK'otia 

Clu'ria kaniakarlan 

C'lu'riakocli 

("liiimaln 

I kirldaga 
Kalhivnlli 

Kariiniiiula 

(Karivalli) 

Karimrotta 

KarixilatK'hi 

Kottanadan 

Kiiinliliakodi 

Kutliiraxali 

MalliKcsara 

Naravakfidi 

Pcriiinkodi 

'I'attisara 

IJthirniu'fitta 

Wokalaiiiorata 

* Abraham. Ftirm 
Mftflrns, No. 


TAB1.E 7-CHARAC:TERIST1CS OF SOME IMPORTANT TYPES OF P. NIGRUM GROWN IN INDIA* 


(General characters 


I .eaves large, light green ; spikes long and 
siraighl and loosely packed with pale 
green fruits which are lighter than those 
of KaUiivalli 

Leaves sinall, elliptic; spikes of medium 
length, closely set with inediiini- sized, 
dark green fruits 

T.eaxes narrow, dark green ; spikes short, 
with dark or pale green fruits which are 
smallest among all types 

Leaxes large, pale green: spikes long and 
straight with large pale green fruits 


Leaves broad; spikes long, curved; fruits 
large among Slysore types 

Leaves dark green; spikes short and 
txvisted xx'ith close set, medium-sized 
dark green fruits 

Leaves oval or circular, dark green: spikes 
of medium length, closely set with dark 
green medium-si/ed fruits 

Leaves large, dark green ; spikes short, 
curved xvith closely set large, <lark green 
fruits 


Leaves ovate and tiiedium-sized : spikes 
fairly closely set with medium-sized, 
dark green fruits 

Leaves medium-si/cd ; spikes long, 
straight, closely set with medium-sized, 
dark green fruits 

L(‘aves large; spikes long, straight usually 
closely set xvith medium-si/ed, dark 
green fruits 

Fruits large and elliptic, set closely on the 
spike : in certain localities, it has shorter 
spikes 

Leaves medium si/ed ; spikes long, well 
filled with small fruits 

Leaves small, ovate with wavy margins: 
spikes short an<l twisted, closely set with 
medium-sized, dark gFceii fruits 

[.eaves large, oval ; spikes fairly long, 
straight, closely set xvith dark green, 
medium-sized limits 

Txax'cs narrow, long, dark green ; spikes 
king with fruits larger than in Malli- 
gesara 

Leaves light gn’cn, tough and leathery; 
spikes long and slender, sparsely set ; 
fruits light green, larger than those of 
Kalhivalli 

Leaves long, light green ; spikes short 


Agricultural performance 

Fairly heavy and regular bearer ; flushes 
all over at' the same time so that harvest- 
ing is done at one stretch ; yields 38% 
dried [xepper 

Popular type; regular and heavy yielder 
of high cpialily ; xviit- resistant ; yields 
42% drieil |K*pper 

Dwarf and sturdy type, bearing in alter- 
nate years ; quality high ; yields 38';,', 
dried '|K‘pper 

Prefers shaded and protected situations 
like Ihilamcotta ; regular bearer ; early 
type ; yields 33% dried pefxper 

Uniform yielder, esteemed for making 
xvhite |)epper ; yields 38% ilried pepper 

Hardy, regular bearer ; drought and xvilt- 
resistaiit ; good yielder ; yields 42";, 
dried pejxper 

Quick groxving, early bearer but short 
lived (15 years): yields high fpiality 
heavy pepper ; yields 40% dried pepper 

1 lardy, regular bearer, good yielder : 
yields 42% dried pepper 


Regions xvherc 
popular 

N. 'I’ravancore, 

N. Malabar and 
8. Kanara 


N. and Central 
Travancore 


N. Travancore and 
N. Malabar 


C Vn t ral Travancore 


N. Kanara 


N. 'rravancore, 
N. Malabar and 
S. Kanara 

N. and Central 
'rravancore 


N. Travancore and 
N. Malabar 


Hardy, regular bearer; good yielder, pro- S. and Central 
diicing {>epper of good quality ; yields 'IVavancore 
36"/, (Iried pep|KT 


Tleavv yielder, regular bearer and hence 
very popular : yields 43 dried pe|)per 


S. and (Vntral 
'rravancore 


Croxvn mixed xvith other types: regular Central Travancore 
Ix'arer and good yielder ; yields 34"., 
dried pepper 

Yields only in alternate years ; good S. 'rravancore 
yielder; yields 36"/, dried pepper 


Regular bearer, heavy yielder; yields 42'V, N. Kanara 
dried pepper 

Quick groxving, early bearer, and high Central and 
yielder ; quality of pepjHT high N. 'I’ravancore 


(;roxx's to considerable height, lives long ('.entral and 
(160 years) ; yields in alternate years ; N. T>avancorc 
yields 40%, dried pepper 

LeaxTs drop largely xvhen the fruits ripen N. Kanara 


Hardy type profusely tillering; generally N. 'IVavancore and 
|)f)or yielder but bearing good crops in N. Malabar 
certain years ; fruits shed early ; yields 
38%, dried pcp|)er 

F.:irly ripening ; fruits shed when ripe and Mysore 
should be gathered before fully ripe 


Hull., No. 55, 1959, 14-27 ; Rep. Spices Enquirv Comm., 1953, appx VI ; Yegna Narayan Aiver, 307 ; Mem. Dep. 
36. 1954, 628; Barber, Bull. Dep. Agr/c. Madras, No. 56, 1909. 128. 
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by hybridization of types with known characteristics. 
Some crosses have already been evolved at the Pepper 
Research Station, Panniyur (Kerala). Of these, the 
hybrid, Panniyur I, a progeny from a cross lx;tween 
Taliparamha No. /, noted for its high yield, and 
Uihirancotta, a type valued for its hardiness and less 
susceptibility to diseases, has been found to be very 
promising. An outstanding feature of this hybrid is 
its high yield, going up to 10.5 kg. (of green fruits) 
per vine in the third year of hearing. Panniyur I is a 
good hardy climber and has long spikes with close 
set, large fruits. It starts yielding even from the 
second year onwards |Khan, Indian Fm^, N.S., 1959- 
60, 9(12), 33; Aiyadurai, 61; Information from 
Pepper Research Oflicer, Pepper Research Station, 
Taliparamha]. 

ClTLI’lVA'nON 

In India, pepper is cultivated mostly as a mixed 
crop in homestead gardens. Under this system, the 
vines arc trained on to existing trees like jack, 
mango, coconut or arecaiiut. The number of vines 
grown in this way is small, generally not more than 
icx). But the vines receive intensive care and continue 
to be productive up to 60 or even 100 years. The 
vines are also grown as an inter- or subsidiary crop 
along with other plantation crops like collec, carda- 
mom, arecanut, coconut and orange. This practice is 
more common in North Kanara. Coorg and parts of 
Kerala. As a pure crop, pepper is grown on a planta- 
tion scale only in small areas in the sub-montane 


tracts jind lower altitudes in South Kanara, Malabar, 
Wynaad and Travancore. It is stated that a plantation 
of more than 4 hectares (10 acres) is not economical 
(Yegna Narayan Aiyer, 296 ; Ref). S fin es Emjuiry 
Comm., Indian Cotin. afrric. Res., Nne Delhi, 1953, 
15-16 : Abraham. Farm Bull., No. 55. 1959). 

India has been a leading producer and exporter of 
pepper. Before World War 11 . India. Indonesia. 
C>ylon, (Cambodia and Sarawak were the main pro- 
ducers, but in recent years, Brazil and Malagasy liave 
also emerged as significant producers, 'lable S sum- 
marizes the extent of pepper production in different 
countries. 

Major pepper producing areas are concentrated in 
regions where not only climatic and soil conditions 
arc suitable, but also labour is easily available for 
its intensive care and handling. In Intlia, Kerala 
on the w'est coast produces nearly 95 j)er cent of the 
total output, while in Indonesia, cultivation is concen- 
trated in the southern part of Sumatra and neigh- 
bouring islands. In Malaysia, major production is 
obtained from northern Sarawak, while in Brazil it 
is chiefly from the region near the mouth of Amazon 
|Kevorkian. Forng/i /IgnV.. 1965. 3(29), 1 1 1 . 

In India, pepper is grown mainly in Kerala, Madras 
«nnd Mysore and to a very small extent in Assam. Iti 
Kerala, pepper is grow'U in ail the nine districts, the 
major ones being Clannanore. Calicut. Kottayam 
and Trivandrum districts. In Madras, it is grown to 
a small extent in the Nilgiri and Kanniyakiimari 
districts. Atnong the districts of Mysore State, the 


TABI.E 8— WORLD PRODUCTION OF BLACK PEPPER* 
(Qty in rtioiisanfl tonnes) 


Countries 

I^e-war 





Post-war 






l935-.^9 

(av.) 

1947-49 

(av.) 

19.S0 54 
(av.) 

1955-59 

(av.) 

I960 

1961 

1962 

I9f»3: 

1964t 

19(iV66 

India 

15.01 

31.30 

26..35 

26.39 

28.45 

28.36 

30.49 

29310 

27.0tl 

23..30 

Indonesia 

58.33 

2.40 

7.86 

20.28 

26.(K» 

24.(M) 

18.14 

2.S.t)0 

30.00 

n.a. 

Sjirawak 

2.40 

0.32 

6.08 

13.89 

7.26 

8.17 

9.39 

11.70 

\Xlii 

18.20 

C«y1on 

2.27 

2.49 

4.78 

6.15 

8.62 

8.17 

8.17 

n.a. 

n.a. 

n.a. 

Camlxidia 

4.9*> 

1.09 

I.IO 

1.31 

1.99 

1,63 

1.27 

1.40 

1.40 

n.a. 

Malagasy 

0.27 

0.27 

0.42 

0.59 

l.ll 

1.27 

I..V> 

1.40 

1.40 

1.60 

Rrazil 

. . 


0.56 

2.22 

3.90 

4.99 

4.08 

6.40 

6.00 

9.00 

Others 

0.28 

1.00 

1.09 

1.11 

. . 



• • 



Total 

83.55 

38.87 

48.24 

71.94 

77.33 

76.59 

72.90 

74.90 

78.00 

52.tO 

• Export Pros^cts of Pepper, Nat. 
n.a.---not available. 

Conn. appl. 

eevu. Res., 

New Delhi, 

196.\ 66 -67. 

t Spice 

v Bull.. .Semi liar 

iiiiiiilH‘r, 

I96.S. 
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TABLE 9 -AREA AND PRODUCTION OF BLACK PEPPER IN INDIA (DISTRICT.WISE) 


Districts 


Area 

1 (in hcirtarcs) 





rroiliictioii (ill 

tonnes) 



'l%l 62 

1962 6.5 

mi-M 

1964 6.S 

1965 t)6 

1961 62 

1962 64 

1964 64 

1964 65 

1965 66 

Ciiinaiinrc 

42,42(1 

44,160 

44,765 

44,765 

44,765 

8,8.40 

8,440 

6.975 

6,860 

6.4.40 

Calicut 

I5,«9() 

I5,S80 

l.\990 

15.9(MI 

15,990 

4,200 

2.600 

2,620 

2,515 

2,.590 

Knttayaiii 

14,01(1 

14,7.SO 

15.080 

14,.500 

14,4.40 

4.990 

4,740 

4,460 

4.4.40 

4, .400 

rrivaiKlruiii 

S.5S0 

8,440 

8,440 

8.4.40 

8,4.50 

4,520 

3.260 

4,070 

.5,160 

4,160 

Krnakiil.'iin 

6.040 

6.740 

6.8(M) 

6.800 

6,810 

2.910 

2,040 

2.0.50 

2,025 

2,025 

Qiiiloti 

5.170 

4,690 

4,7.SO 

4,765 

4,765 

2,0.45 

2,080 

2.020 

2,025 

2,005 

Palj{liat 


4.4-tO 

4,480 

4.480 

4,480 

690 

5.50 

520 

.400 

490 

Allcppcy 

l/ilO 

l,.590 

1,440 

1 ,275 

1,275 

520 

440 

410 

470 

.555 

Trichiir 

6S0 

720 

740 

740 

740 

410 

420 

420 

420 

420 

'I'oTAi, (Kerala) 

98,6S0 

98,090 

l(MI,475 

99,455 

99,705 

27,045 

24,510 

22,425 

22,225 

21,695 

Kanniyakuinari 

210 

210 

215 

22« 

120 

40 

40 

40 

40 

.50 

Nilgiris 

70 

80 

85 

m) 

100 

20 

20 

20 

20 

20 

'IViiAi. (Maflras) 

2S0 

29(» 

.5(M) 

410 

220 

60 

60 

60 

60 

.40 

S. Kaiiara 

S70 

l..54.^ 

I..560 

1..V10 

1.067 

900 

900 

1 ,280 

1,280 

914 

N. Katiara 

1,060 

840 

880 

870 

870 

400 

540 

.440 

.440 

522 

Ouirg 

290 

250 

440 

4.50 

429 

140 

140 

185 

185 

161 

Sliiinoga 

too 

100 

100 

KMI 

101 

6 

6 

6 

6 

6 

(!liickmagalur 

4 

4 

8 

8 

8 

1 

(») 

1 

1 

1 

} lassaii 


16 

16 

16 

16 


I 

1 

1 

n.a. 

'r»iAi. (Mysore) 

2,424 

2.545 

2,794 

2,784 

2,491 

l,.547 

1,-487 

2,014 

2,014 

1,604 

T'orAi. (all India) 

101,284 

100,925 

104,469 

102,559 

102,416 

28,4.42 

26,1.47 

24,498 

24.298 

24,4 18 

(a) — iii'gligihk'. n.:i 

1 .-- not av; 

a liable. 










important areas are in North and South Kanara. 
Table 9 gives the area and production of pepper in 
the dillerent districts. 

Climate aud .Vo// -The pepper plant is a climbing 
vine found growing up to an altitude of i,5<x> m., but 
thrives best at about 500 ni. It is usually raised on 
established supports. Pepper retpiires a warm and 
humid climate. It thrives in places where the annual 
rainfall is well over 200 cm. and in any case not le.ss 
than 125 cm. On the eastern slopes of the Nilgiris, 
which receive hardly 120 cm. of rain, pepper is being 
grown fairly successfully on a small scale as an inter- 
crop in tea and colTee plantations. Similarly in some 
j)arts of Tiriinclvcli district, jicpper is grown in the 
shade of tea, coffee and cardamom plantations. 
Pepper plants are pollinated by rain-water and consc- 
cjueiilly satisfactory yields are obtained when 


frequent showers of rain occur during blossoming 
period. In the important pepper growing areas, the 
maximum temperature during the hot weather 
seldom exceeds 40° and the lowest temperature may 
be about 10°. In j)arls of South India, Assam and in 
the Darjeeling district of West Bengal, pepper is 
found to tolerate even lower temperature (Abraham, 
loc. cit. : Yegna Narayan Aiyer, 296; Brown & 
Reader. Colon, PI, Anim, Prod,, 1952--53. 3, 195). 

Pepper thrives best on virgin soil rich in humus 
and other plant nutrients. Naturally well-drained, 
red laterite soils or alluvial soils rich in humus seem 
to be highly suitable for this crop. Soils 1.2 to 1.5 m. 
in flepth with granite rock underneath, and inter- 
mixed with boulders are considered ideal for this 
crop. The soil should not dry up during the dry 
months as to kill the vines or get flooded during the 
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rains. In Kerala, major pan of the pepper cultiva- 
tion is on laterite or sandy loam along the alluvial 
hanks of rivers. Compared to the soils of Indonesia, 
which are mostly volcanic, the soils of pepper tracts 
in India are poor and conse(|uently yield less. In order 
to improve production, cultivation of pepper should 
he encouraged in those areas where soil is more suit- 
able. From this viewpoint, areas in Mysore State arc 
reported to he better than Kerala (Abraham, loc. cit. ; 
Yegna Narayan Aiyer, 297 ; Export Prospects of 
Pepper, Not. Conn. appL ccon. Res., New Delhi, 
1965, 25). 

Preparation of land As pepper is a climbing vine, 
supports or standards have to he provided for the 
plants to grow on. The standards usually preferred 
are cjuick growing trees, which nor only provide 
support, hut also shade. While in India, living 
trees are mainly used as supports or standards, in 
Indonesia. Malaya and other South-Fast Asian 
countries, tlead woods are used, since in these areas 
sliade is not a big problem and also the equatorial 
climate with almost daily rainfall makes it unneces- 
sary. Some of ihe trees preferred as standards are 
Erythrina variei^ala var. indica, Garuga pinnata, 
Oroxylum indicum, Spondias pinnata, Ceiha pen- 
tandra, and Grcvillca robusla. Occasionally wooden 
poles and stone or concrete pillars have been used as 


standards, though this practice is rare. Uamhoo or 
wooden poles are used as temporary standards, till 
the permanent ones grow sufficiently (Abraham, loc. 
cit.). 

For raising shade or standard trees, pits are dug at 
2.5-3.0 m. apart and standards raised either by cut- 
tings or as seedlings. Planting is done in April-May 
during the early rains so that these standards grow 
sufficiently to allow pepper vines to be planted in 
July-Septcmber. When planted as a mixed crop in 
coconut, arccanut, tea or coffee plantations, the main 
crop or the shade trees serve as standards besides 
providing the shade (Yegna Narayan Aiyer, 297 -98 ; 
Mem. Dep. /Igr/c. Madras, No. 36, 1954, 626). 

Propagation — ^The pepper vine can he propagated 
either vegetatively or by seeds. Vegetative propaga- 
tion is universally adopted, becau.se raising of plants 
through seed is slow, uncertain and the seedling 
progeny takes a much longer period to attain matu- 
rity and does not always behave true to the parent. 
However, it is believed that the plants raised from 
.seeds live longer, and give heavier crops in later years 
than plants raised vegetatively. For raising seedlings, 
.selected, well ri|)enetl fruits are soaketl in water for 
2-3 days, the outer skin removed, the seeds dried in 
shade and sown in nursery beds. They are trans- 
planted when they have developed 4-5 leaves. 



New Delhi 


FIG. 3^P1PER NIGRUM-GROWN ON BAMBOO SUPPORT 
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Experiments recently conducted in Panniyur have 
shown that sowing fruits with the coats give tjuickcr 
germination than without them (Nicholls & Holland. 
305 : Al)raham, loc. cit.). 

Methods of vegetative propagation vary in different 
places. There are two types of vegetative shoots pre- 
ferred for platiting. viz. the runners which are 
usually conlined to the bottom portion of the vines, 
and the terminal .shoots towards the lop region. The 
runners form the most common material for propa- 
gation. Selection of shoots for the propagation is 
usually done in October, when the vines are in full 
crop and their cropping behaviour and other features 
are easily decided. The healthiest shoots among the 
ones found in a clump are .selected, and they are kept 
coiled up on forks, in order to prevent them from 
coming in contact with .soil and rooting prematurely. 
These shoots are separated from the parent vine, cut 
into lengths of four or five nodes and planted either 
in the field or are rooted in baskets and then planted 
in the field as rooted cuttings, 'fhe usual practice is 
to plant cuttings in a nursery towards the end of 
October and transplant them in the field during the 
next rainy .season (July). Experiments at the Pepper 
Research Station, Panniyur, have shown that it is best 
to raise rooted cuttings in special bamboo ba.skets, 
25-30 cm. in length and 10.0-12.5 cm. in diameter. 
A couple of cuttings with four nodes each are planted 
in each basket and the ba.sket kept under thatched 
roof or a [xuidal, and regularly watered until the 
cuttings strike roots. It is e.stiniated that 750-1,000 
vines are planted per hectare (Abraham, loc. cit.). 

In .some areas, particularly in North Kanara, the 
terminal shoots of the top fruiting branches arc pre- 
ferred. Plants raised from such cuttings are .said to 
yield even in the second year of planting and produce 
a .satisfactory crop from the fourth year onwards 
while vines rai.sed from runner shoots give satis- 
factory yields only from the sixth or .seventh year. 
The former, however, are short-lived as compared to 
the latter, ilieir longevity being about 15 years. 
Further, the removal of the fruiting branch from the 
top of the vine is reported to lead to a reduction in 
the crop. Tn spite of this, the practice is prevalent to 
an apprec:iahle scale, particidarly in countries like 
Indonesia. Cambodia, Malaya, etc. (Abraham, loc. 
cir.). 

Propagation by layering is adopted on a small 
scale by some growers in Malabar and South Kanara, 
where selected runner .shoots from vines of known 
performance arc layered in bamboo baskets 15-20 cm. 



I.C.,i.R., Nnv Delhi 

FIG. 37— PIPER NIGRUM-GROWING ON FOREST TREES 


in diameter. Within four to six weeks the .shoots 
strike root, and are then carefully separated and 
planted. Raising pepper vines by single node cuttings 
instead of the usual 4-5 nodes, has been tried at the 
Pepper Re.scarch Station, Panniyur. Cuttings con- 
.sisting of a single node with 5 cm. of stem above and 
below the node have been found to be economical 
[Abraham, loc. cit. ; Kurup, Indian Fmg, NS., 
*955-56» 5(12), 21 ]. 

Propagating pepper vines by grafting has been 
tried, particularly for exploiting the possibilities of 
using as rootstock, varieties and .species known for 
resistance to di.seases. Successful grafts by inarching 
or side grafting have been obtained with some of the 
wild .species and varieties of pepper and also with 
betel vine (Abraham, loc. cit.). 

Planting — ^The planting of the pepper vine is done 
either in July or August. The pits for planting are 
made preferably on the north and north-eastern sides 
of the standard so that the severe western sun is 
avoided. Pits alx)ut 45 cm. deep are dug in a semi« 
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circular form IkIow and around tlic standard and 
these are filled about one half with good jungle soil. 
In the case of unrooted cuttings, 3-7 cuttings arc 
planted in each pit. If all the cuttings strike root, 
two arc retained and the remaining ones removed to 
fill in blanks where necessary. In the case of rooted 
cuttings generally a couple of cuttings arc planted 
without disturbing the roots, the soil firmly pressed 
and heaped up a little to prevent water from collect- 
ing around. The pepper vine makes rapid growth ami 
at the end of the first year may he i. 0-1.5 As 

the vines grow they have to lie tied to the standard 
usually at intervals of 30 cm. Tying is done regularly 
during the first 3-4 years, hut when once the vines 
establish themselves on the standards this may he 
discontinued (Yegna Narayan Aiyer, 302-03 ; 
Abraham, loc. cit. : Dep. Agr/c. Madras, 

No. 36, 1954, 626-27 : Menon. Indian J. agric. Set., 
1949. 19 , 89). 

Manuring — Pepper is an exhausting crop and the 
soil needs high level of nitrogenous manuring. 
In India, where pepper is grown mostly in homestead 
gardens, not much of manuring is done exce|)t what 
is given to some of the trees serving as standards. 
Recent experiments in Kerala have shown that an 
application of a fertilizer mixture made up of 
ammoniuin sul|)hate, rock |)hosphate and |)otassium 
chloride in the proportion 6:9:12 nearly doubles the 
yield. Additional application of cowdung and green 
manure will result in still belter yields |Kalarickal, 
Fifrlil. Nezvs, 1961, 6(1), 22 : Indian Fnig, N.S., 
1961-62, 11(5), 30 : Madras agric. ]., 1955, 42 , 403I. 

In Malaya, the pepper vine is heavily manured and 
different kinds of guano, lisb meal and jirawn meal 
arc used. Mulching is also practised by growing cover 
crops like Crolalaria and Calopogonitnn. Additional 
manuring with potassium muriate and rock phos- 
phate has also been found to be beneficial |Nambiar, 
Arccan. Bull., 1954, 5(2), 20: Sandford, Malay, agric. 
J., 1952, 35 , 208 ; Brown & Reader, Colon. PL Anitn, 
Prod., 1952-53, 3 , 195]. 

Post-planting operations -Widely different prac- 
tices arc adopted once the vines are established and 
well grown. In Malabar and South Kanara, diggings 
and weedings are done, once during south-west 
mon.soon and again after north-east monsoon, to 
conserve .soil moisture, and prevent weed growth 
and surface run off. In some areas contour bunding 
and terracing arc done to prevent soil erosion. In 
Malaya, pruning is often practised to promote 
branching during the first few years ; in some places 


the vines are lowered as in tlie case of P. hctlc and 
buried in the ground in order to induce more vigor- 
ous growth and ensure larger crop (Abraham, loc. 
cit. ; Grist, 268 ; Nicholls & Holland, 306). 

Diseases and Pests The wilt and pollu are the 
two important di.sea.ses of pepper, 'rhe wilt is charac- 
terized by the death and decay of the roots, yellowing 
and .shedding of the leaves and the ultimate drying 
up of the plant. It is widely prevalent in areas where 
the plant is raised in poor, shallow or ill-drained soils 
and in exposed situations, particularly in summer. 
The rotting of the root is attributed to the fungus 
Phytophtliora and a number of fungicides have been 
tried t(i control the fungus. Other control methods 
include burning the affected plants, applying slaked 
lime near the surface roots, .soon after the first 
monsoon showers, and keeping the .soil well drained 
and clean. Attempts have al.so been made to evolve 
and select wilt-resistant types suited to the various 
areas and to graft susceptible types on to rootstocks 
of resistant types (Menon. loc. cit. : Abraham, loc. 

The Hollow Berry or pollu is a more serious 
di.scase as it not only causes the hollowness of the 
fruits, but also leads to their complete destruction. 
Pollu is attributable to two main causes, viz. a 
fungus, Colletotriehum sp., and a flea beetle, Longh 
tarsus nigripennis Motsch. Infection by the fungus is 
said to start from the leaf anti the stem and finally 
spreads to the spikes and the fruits. As a result of the 
infection the spikes drop down and the fruits borne 
on them are hollow and light when dried. The 
di.sease is prevalent in areas where the shade is too 
dense. Spraying the affected vines with Bordeaux 
mixture soon after the fruits are .set has been found 
effective in reducing the extent of damage. 

The Ilea beetle, Longitarsus nigripennis Motsch., 
lays eggs inside the fruits, where they hatch in about 
a week and the grubs finally eat away the kernel 
leaving only a light hollow shell. Spraying with 
0.25 per cent DDT has been found efficacious : other 
in.secticides found effective are Lindane, Dieldrin 
and Malathion |AbraIiam, loc. cit. : Menon, loc. cit. ; 
Cashexv & Pepper Bull., 1957 58, 2(9), 17 : Nambiar 
& Kurian, Indian Fmg, N.S., 1962-63. 12(4), 17 ; 
Rchiman & Nambiar. Madras agrie. /., 1967. 54 , 
3 ‘>l- 

Processed black pepper in storage is rarely attacked 
by pests. But wlien the moisture exceeds 12-13 per 
cent, book lice or Psoeids, cereal mites, grain beetles, 
cigarette beetles and drug-store beetles occasionally 
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make their entry. They are lies! avoided by thorough- 
ly drying the pepper liefore storing it. The drug- 
store lieetle, Sitodrvpa panicca, causes considerable 
damage in some areas in Kerala. Fumigation of dry 
pepper with Chlorosol lias been found effective. 
Among tlie fungi infesting stored pepper are Asper- 
ffilhis niger van 'I’iegh., A. oryzac (Ahiburg) Cohn 
and A, irlaticus Link. Mould formation and insect 
infestation can be controlled by drying the black 
pepper properly [Abraham, Cashew & Pepper Bull,, 
'957 -.fS. 2C^). 3 : Food Sd., 1957, 6 , 35. in]. 

Harccstin^ and Yield — The pepper vine starts 
liearing from the third year of its growth. An adult 
vine yields annually c. 0.5 kg. dried fruits under 
Indian conditions. The yield goes on increasing as 
tlie vines get older up to about the tenth year. In 
well cared gardens, tenth to twenty-fifth year may be 
reckoned as the best period ; after the thirtieth year, 
the yield begins to decline, though in homestead 
gardens vines as old as 100 years continue to be 
productive. Usually there are two crops in a year, one 
in August -September and the other in March-April. 
On the west coast, the flowering commences in June- 
July soon after the commencement of the south-west 
monsoon. Sometimes the pre-monsoon showers also 
initiale flowering. The harvest season of pepper 
extends from the middle of December to the middle 
of March in the coastal areas. On the foot-hills of the 
ghats and in colder regions like Assam, the harvests 


are considerably delayed and extend up to April. 
The lower the teinperalure and higher the elevation, 
the later is the cropping period. When the fruits are 
ready for harvest, the whole spikes are removed from 
the vines with the aid of a ladder. They are dried in 
the sun for 3-4 days, and the fruits se|)arated from 
the stalks by beating the dried spikes with a stick 
or by trampling under foot. When completely tiry, 
the outer skin of the fruits becomes black and 
wrinkled. It is estimated that too kg. of green pepper 
roughly yield 33 kg. of ilried pepper. 

The yield of pepper varies widely in the different 
prcnlucing areas depending on the elevation, tempe- 
rature, distribution of rainfall, soil fertility, cultural 
practices, types grown and the age of tlie pepper 
bushes. Timely rainfall and proper climatic conditions 
during flowering, fruit setting and fruit development 
arc important factors affecting yield. 

The yield of pepper per vine varies from place to 
place and from type to type. The type Balamcolia 
on an average yields 1. 0-1.5 pepper per 

vine in Wynaad, 0.50-0.75 kg. in Kottayam, i kg. in 
Chirakkal, and i kg. in My.sore, though in Mysore 
its maximum yield has been found to be 3.0-3.5 kg. 
Another good yicldcr is Karimeotta which on an 
average gives i. 0-1. 25 kg. dried pepper (Menon, 
Indian J. agric, Sci., 1949, 19 , 89). 

In Malaya, pepper vines yield about 1-2 kg. dried 
pepper per vine in the first year of harvest and 
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the yield gi)es up gradually to about 4 kg. per vine 
by rhe seventh year and then declines. In Indonesia, 
the yield from pepper vines is generally stated to be 
c, 0.5 kg. dried pepper in the first year of cropping, 
rising to 1.5 or 2 kg. per vine by about the seventh 
year. Vines yielding up to 12.5 kg. dried pepper have 
also been known jNambiar, Arccan. Bull,, 1954, 5 ( 2 ). 
20 ; Brown & Reader, Colon, PI, Anim, Prod., 1952 -53, 
3 , i 95 l- 

In India, the average yield of commercial black 
pepper has been found to vary from 1 10 to 335 kg. 
per hectare. I’he lowest yield is reported from the 
Maliiad areas of Mysore where the average yield does 
not exceed 1 10 kg./lia. In Malabar and South Kanara, 
tlie average yield of pepper is estimated to he 280- 
335 kg./ ha. The highest yield is reported from 
Quilon district where the average yield has been 
nearly 440 kg./ ha. [Rep. Spices Enquiry Comm., 
1953, 18 : EsXport Prospects of Pepper, 1965, 84). 

Compared to Malaya, (Lamhodia and other 
countries, pepper yield in India on the whole is poor. 
'I lie yii*ld in Malayii is reported to he 2,240 kg. of 
green pepper per hectare in the third year and this 
steadily goes up to about 4,480 kg./ ha. from the fifth 
to the seventh year. In Sarawak, very high yields are 
reported starting from about 7,840 kg. in the third 
year to 1 3, 4(K) 17,920 kg. per hectare by the tenth 
year. After the tenth year, there is a gradual decrease 
in yield. The average yield of green pepper in Ceylon 
is about 2.5CK) kg., in Sumatra 1,350 kg. and in 
C^Iamhodia 1.450 kg./ha. The high yield of pepper in 
Malaya, Sarawak and other areas is due to the heavy 
manuring, uniformly distributed rainfall and the 
judicious and systematic pruning of the pep|)er vines 
adopted |Namhiar. Arecan. Bull., 1954, 5(2), 20: de 
Waard, World Crops, 1964, 16(3), 24 : Mem. Dep. 
Afrric. Madras, No. 36, 1954. 631 ; Export Prospects 
of Pepper, 1965, 64]. 


Pkociessinc 

Black pepper — Black pepper con.sists of the dried, 
fully developed unripe fruits. It is nearly globular in 
.shape, about 4 -5 mm. in diameter with a characte- 
ristic coat with deep .set wrinkles. 'I'he pericarp is thin 
and encloses a single seed with a hollow centre. The 
perisperm is horny in the outer part and floury 
around the central cavity (Parry, |. W., 1962, 67). 

For preparing black pepper, the freshly harvested 
spikes are spread on mats or concrete floors and 
dried in the sun for about a week with fre(|uent 
turning over to prevent infection by mildi w. Spikes 
which have dropped prematurely from the vines are 
also used. During drying, the green or red fruits 
gradually change in colour to dark brown or almost 
black and their skin becomes tough and wrinkled, 
'rhe fruits are detached from the stalks by healing 
the heaped up material w'ith slicks or treading 
upon it barefooted, the latter method entailing the 
niininium wastage. They are then separatetl out from 
the stalks, leaflets, undersi/ed and unripe fruits and 
other impurities by hand picking and winnowing. 
On some of the large estates, fresh pep|)er spikes are 
dried artificially in smoke-houses by means of an open 
fire, and the fruits then separatetl out by machines. 
Such smoke-ilried black i)epper has a peculiar smoky 
odour and is considered a deliiacy by certain .set t ions 
of consumers. In Malaya, rhe freshly harvesti‘d spikes 
arc said to he immersed in boiling water for a short 
time prior to drying in order to rijien the fruits whit h 
are yet green and also to tpiicken the process of 
.subsetjuent drying |(hienther, V, 137 -38 ; Abraham, 
Farm Bull., No. 55, 1959 ; Sandford, Malay, aii^ric. 
/., 1952, 35 , 208 : Brown Reader, Colon, PI. Anifii. 
Prod., 1952-53. 3 , 195 : de Waard, World Oops, 
1964, 16(3), 24|. 

The out-turn of dried black pepper obtained from 
green fruits varies from 2h to 39 per cent de|)ending 
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upon the type. Some of the productive, liigh yielding 
types such as Kalluvalli, iJthirancottay Kottanadan^ 
Karimunda and Kaniakadan give an out-turn of 
black pepper amounting to 38-43 per cent of the 
green pepper processed (Abraham, loc. cit.). 

White pepper — White pepper consists of dried ripe 
fruits, freed of their pericarp. In preparing white 
pepper, the separation is ilone through the zone of 
libro- vascular bundles, i.e. only a part of the meso- 
carp is removed. In India, the production of white 
pepper is limited to very small (piantitics, by some 
hoiiseliolds in Kerala, for medicinal and domestic 
iKsage. lH)r this purpo.se, the fully ripe fruits are 
rubbed with hand to remove the .soft rind, and dried. 
The white fruits obtained are then washed and 
finally dried. 

Production and export of white pepper is more 
common in rndone.sia, where a large part of the 
pepper is converted, particularly in Banka Lsland. 
For preparing white pepper, the harvesting of the 
spikes is delayed till all the fruits become, red. The 
spikes are gathered fresh, piled on mats or floors and 
beaten with sticks or trodden upon till the fruits are 
detached from their .stalks. 'I'hey are then kept in 
open concrete tanks, tilled with .slowly running water 
for eight to ten days, during which period their skin 
gets decayed aiul comes off. The thick ma.ss in the 
water is often trampled by feet to ha.sten the skin 
removal. The white fruits .so obtained are wa.shed in 
water, dried in the sun and finally winnowed. A 
modification of this pr()ce.ss is often practised ; the 
fruits are packed in jute sacks and kept immersed 
in water, along riverhanks and after 10 days are 
decorticated, w'ashed, cleaned and dried. If drying has 
to he delayed, decorticated fruits are kept under 
water to prevent discolouration. The drying should 
he complete and the final product should not contain 
more than 10 per cent moisture. Drying is considered 
complete only when the fruits run through freely 
between the fingers or crack well between teeth. 
Under-dried fruits lack the desirable white colour and 
the tart, spicy flavour of the product. Besides the 
above methods. ‘Decorticated white pepper’ is now 
prepared from fully matured and dried black pepper 
by .sj>ice millers, by removing the .seed coal in 
specially constructed machines (Guenther, V, 138-39 ; 
Thorpe, IX, 277 : Sandford, loc. cit. : Brown & 
Reader, loc. cit. : de Waard, loc. cit.). 

A process for the jjreparation of white pepper by 
using mature, green fruits instead of ripe, reddish 
ones has been suggested and an improved method 


has been worked out at the Central Food Techno- 
logical Research Institute, Mysore. Fully mature 
green pepper fruits are cooked in water or steamed 
for 10-15 niinutes, and pa.ssed through a pulping 
machine which separates the skin from the core 
inside. The skinned fruits are treated with sulphur 
dioxide or bleaching powder and then dried to yield 
white pepper. In this process, the oiiMiirn of white 
pepper from green fruits is 22 per cent | Information 
from Central Food Technological Research Institute, 
Mysore ; Spices BnlL, 1965-66, 5 (i), 23 ; Lewis cl ah, 
ibid., 1965-66, 5(12), 6]. 

CMfound pepper— \n Kiirope and America, consi- 
derable (jiiantities of black jiepper are converted into 
ground pepper. India at present does nor produce or 
export any ground pepper, though there is good 
demand for it and it commands a higher price. It is 
suggested that suitable machinery may he installed 
and ground pepper exported, particularly to some 
countries in the Middle Fast (FsXport Prospects of 
Pepper, 1965, 61). 


U l ILIZATION AM) COMPO.SI PIO.N’ 

Utilization — Pepper fruits are used mainly after 
drying as black pepper or after prenessing into 
white pepper. In parts of Kerala, fresh green pepper is 
.sometimes u.sed for preparing pickles. Black and 
while pepper are among the major condimc'ins 
employed for st'asoning frt'shly cooked and prepared 
foods. In U.S.A. and other western (’ountries they arc 
u.sed mainly for pre.serving im‘at. Over half of the 
American consumption of pepper is reported, to go 
into the meat industry for curing and preservation of 
meat. The whole fruits are added to pickles, certain 
types nf .sau.sages, etc. but the hulk of the product is 
generally ground before u.se. Black pepper is mo.stly 
used for its characteristic delicate penetrating aroma 
and pungent, biting taste. White pepper has a 
similar flavour, hut is le.ss pungent. On grinding, 
white pepper yields a product with low ash and fibre 
contents and very little pungency. In Borneo, white 
pepper enters into the composition of the brew 
employed for growing yeasts (Winion & Winion, IV, 
320; Sreeniva.samurthy & Krlshnamurthy, Food Sa., 
1959, 8 , 284 ; Parry, J. W., 1962, 67 ; Thorpe, IX, 277 ; 
Burkill, II, 1751). 

Pepper owes its characteristic pungency and aroma 
to its oleoresiii which can be obtained by extracting 
the crushed, not fully ripe fruits with volatile solvents. 
It is a dark or brownish green heterogeneous mass 
and is widely used in Europe and U.S.A. for flavour- 
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ing foods. The favour and (iegree of pungency of the 
olcorcsin can be standardized to prepare uniform 
products which arc preferred to the natural spice 
itself (Guenther, V, 144; Arctander, 518-19). 

In modern European medicine, black pepper is 
rarely prescribed, except indirectly, as an ingredient 
of some combined preparations. In modern Indian 
medicine, it is much employed as an aromatic stimu- 
lant in cholera, weakness following fevers, vertigo, 
coma, etc., as a stomachic in dyspepsia and (latidcnce, 
as an aniiperiodic in malarial fever and as an alter- 
ative in paraplegia and arthritic diseases. Exter- 
nally, it is valued for its rubefacient properties and 
as a local application for relaxed sore throat, piles 
and some skin diseases (Kirt. & Basil, III, 2134 ; Snell 
& Snell, 479 ; U.S.D., 1955, i8(X)). 

Pepper, particularly its oleoresin, has bacteriostatic 
and fungistatic [iroperties. The oleoresin at o.i per 
cent concentration inhibits the growth of Micro- 
coccus pyotrcncs var. aureus and Aspergillus 
versicolor. Alcoholic extracts of the spice are active 
against M, pyogenes var. aureus and Escherichia coli, 
Acpieous extracts of pepper did not show any anti- 
bacterial activity, probably due to the low or little 
concentrations of the oleoresin extracted from the 
spice by water. Pepper in concentrations of 0.1 per 
cent or less, lowered the phagocytic activity of 
leucocytes. Extracts of pepper are found to have a 
hypercoagulative effect in vitro ; they lessen the 
clotting time by accelerating the thrombin activation 
and lowering the heparin level in clotting systems 
(Hassclstrom el al.. Food Res,, 1954, 19 , 373 ; (ieorge 
et al,y /. sci, induslr. Res., 1947, 6B, 42 ; Subrahmanyan 
et ah, ibid., 1957, 16 C, 2^0; Chcin. Ahstr., 1961, 55 , 
22610 : 1962, 56 , 8.«). 

Pepper retards the development of rancidity in oils 
and fats, frozen ground jiork, beef and lard. This 
activity has been attributed to the presence of 
tocopherols in the oleoresin (total, 0.54 ‘V. ; a-tt)CO- 
pherol, 0.1%). 'rhe small concentrations of pepper 
commonly used may. however, not he sunicient to 
prevent deterioration of foods (F /10 Commodity 
Bull. Ser„ No. 34, 1962, 18 : Sethi & Aggarwal, /. sci. 
industr. Res., 1952, IIB, 468 ; Chipault et al.. Food 
Res., 19^2, 17 , I ; Ilasselstrom ei ah, ibid., 1954, 
19 , 373 )-^ . 

Composition -Analysis of a sample of green pepper 
(after di.scarding the stalks) gave: moisture, 70.6; 
protein, 4.8 ; fat, 2.7 ; carbohydrates, 13.7 ; fibre, 
6.4; and mineral matter, 1.8%; calcium, 270; phos- 
phorus, 70 ; iron, 2.4 ; thiamine, 0.05 ; riboflavin. 


0.04 ; nicotinic acid, 0.2 ; and asc()rhic acid, i mg./ 
100 g. ; carotene (as vitamin A), 900 I.U./i<x) g. 
(Nutritive Value of Indian Foods, 65, 101, 131). 

The numerous types of Indian black pepper are 
characterized by variations in size, colour, flavour and 
physico-chemical properties. The weight of pcjiper 
varies with the type. Examination of 82 samples, 
belonging to different types from different localities, 
showed that weight ranged between 426 and 850 g./ 
litre, the Tellichcrry and Baliapatnam types showing 
the highest values. A bazaar sample of black pepper 
from Coonoor gave: moisture, 13.2; protein, 11.5; 
fat, 6.8 ; fibre, 14.9 ; carbohydrates, 49.2 ; mineral 
matter, 4.4% : calcium, 460 ; phosphorus, 198 ; 
phytin pho.sphorus, 115; iron, 16.8: ionisahle iron, 
3.2; thiamine, 0.09; riboflavin, 0.14; and nicotinic 
acid, 1.4 mg./i(x) g. : vitamin A value, 1,800 I.U./ 
icx) g. Presence of oxalic acid (0.4 3.4%) has been 
reported |Malik & Bhattacharya, Agric. Marketing. 
1964-65, 7(4), 3 ; Nutritive Value of Indian Foods, 65, 
loi, 131 ; Thorpe, IX, 279]. 

Analysis of 23 types of black pepper from Kerala, 
South and North Kanara, Coorg and Assam gave the 
following ranges of values: moisture, 8.7-14.1 ; total 
nitrogen, 1.55-2.60; nitrogen in non-volatile ether 
extr., 2.70 4.22 ; volatile ether exir., 0.3-4.2 ; non- 
volatile ether extr., 3.9-1 1.5; alcohol extr., 4.4-12.0; 
starch (by acid hydrolysis), 28.0^-49.0 ; crude fibre, 
8.7-18.0: crude piperinc, 2. 8-9.0 ; piperine (spectro- 
photometrically), 1.7-7 .4; 3-f^5*7 • 

acid insol. ash (sand), 0.03-0.55*;.'.. The Kerala 
types, })articularly Kotlanadan, Kumhhakodi and 
Kuthiravali are fairly high in crude piperinc, while 
the North Kanara types show low values for piperine. 
Assam types are characterized by a low moisture 
content, high ether and alcohol extractives and 
consistently high values for total nitrogen and 
piperine (Dwarakanalh et ah. Food Sci.. 1958, 7 , 285 ; 
1961, 10 , I : Rao et ah. Paper presented to Indian 
Standards Convention, 1958 ; Brown & Reader, Colon. 
PI. Anim. Prod., 1 952 -53, 3 , 195). 

Starch is the predominant constituent of pepper. 
It accounts for 34.1 per cent in black pepper, 56.5 per 
cent in white pepper and 63.2 per cent in decorticated 
white pepper. Pepper starch consists of minute 
polygonal granules resembling those of rice, hut 
much smaller (diam., 0.5-5 !*)• The hilum is vi.sihle 
only under high power (Winton & Winton, IV, 335 ; 
Allen, I, 519). 

Protein’ of pepper has not been fully investigated. 
A considerable portion of nitrogen in pepper exists 
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in a non-protcinous form (such as alkaloids). Of the 
12 per cent of water-soluble nitrogen, non-protein N 
constitutes aboht 82 per cent and of this more than 
half is made up of simple amino ac ids which can he 
readily utilized by ihe system. Nitrogen distribution 
in a sample of whole black pepper (expressed on the 
nitrogen of the hydrolysate from fat-free material) 
was as follows: acid sol. humin N, 3.35; amide N, 
i7.(v.); basic amino N. 8.68 and basic non-amino N, 
3.385 (arginine N, i.i 18 ; hisiidinc N, 3.8 ; cystine N, 
1.280: and lysine N, 5.867); nonhasic amino N, 
58.08 and nonhasic non-amino N, 9.58%. Pepper is 
rich in lysine, histidine and cystine. The following 
free amino acids have been identified in black 
pepper: arginine, asparagine, serine, glutamic acid, 
threonine, )8-alanine, y-aminohutyric acid, and 
pipecolic acid (Allen, VII, 182 : Narasimhamurthy & 
Ranganathan, Indian /. wed. Res., 1937-38, 25 , 373 ; 
Rao rl al., ]. sd. induslr. Res., 1956, ISC, 39). 

The ash of black and while pepper contains, 
respectively: potassium (KjO), 24.*|-34.7, 6.1 : sodium 
(NaaO), 1. 5-5.5. 0.8: calcium (CaO), 11.6 16.1, 33.1 ; 
magnesium (MgO), 3.3-13.0, 10.6 : iron (FcjO.,), 
0.3-2.2, 2.0 ; manganese (MnO.), o.‘2-o.8, 0.5 ; phos- 
phorus (P/).,)' 8.5-11.1, 30,0; sulphur (SOa), 4.0-9.6, 
3.5: chlorine, 5.4- 8.5, 0.7: and silica, i. 5-6.5, 2.0%. 
Copper, and iodine (9 /eg./ux) g. in black pepper) are 
also present (Thorpe, TX, 278 ; McCance & 
Widdowson, 100 : Iodine Content of Foods, 123). 

Pungent principles — ^^rhe alkaloid piperine 
(Ci-HuiOaN, m.p. 129-30°) is considered to he the 
major constituent responsible for the biting taste of 
black pepper : it is absent in the leaves and stems of 
pepper plant. Piperine is sparingly soluble in water, 
readily so in alcohol, and on hydrolysis splits into 
|)iperidine and piperic acid. Piperine is at first taste- 
less hut on prolongetl contact develops a sharp, hiring 
taste : alcoholic solution of piperine is intensely 
pungent. Other pungent alkaloids, occurring in pepper 
in smaller amounts, are chavicine, piperidine and 
piperettine. Chavicine, a resinous isomer of piperine, 
is said to he the most biting ingredient of pepper, and 
on hydrolysis yields piperidine and i.sochavicinic 
acid (an isomer of piperic acid). Piperettine 
(C,,,ll2,().,N, m.p. 146-49°), a vinyl homologue of 
piperine, was found to the extent of 0.23-0.82 per cent 
in Indian samples of black pepper : a sample from 
Ceylon contained 1.56 per cent. Also reported in 
pepper are methyl caffeic acid piperidide and an 
optically active /8-methyl pyrrolinc. There arc indica- 
tions that black pepper may contain a series of vinyl 


homologues of piperine and their stereoisomers 
(Thorpe, IX, 278-79 ; Wehmer, siippl., 16 1 ; U.S.D., 
1955, 1799: Manske & Holmes, I, 168, 170; Spring 
& Stark, /. cliem. Soc., 1950, 1177; Genest et c//., 
/. agric. Fd Chem., 1963, II, 508; Labruyere, ibid., 
i(j66, 14 , 469). 

Piperine is stated to occur in pepper in amounts 
usually ranging from 4 to 10 per cent, hut this amount 
represents crude piperine, the content of true piperine 
being lower. Among the methods described in litera- 
ture, spectrophotometric method gives the best re.sults 
for the c|uantitative estimation of piperine. Recently, 
a new procedure, based upon alkaline hydrolysis 
followed by titration of the liberated piperidine after 
distillation with water, has been suggc‘sted which 
gives a measure of the total pungency of pepper and 
its products (U.S.D., 1955, 1799: Thorpe, IV, 279; 
Fagen el (d., ]. agric. Fd Chetn., 1955, 3 , 860; 
Labruyere, loc. cit.). 

Piperine was formerly official in U.S.P., but it has 
no marked physiological action and is no longer used 
in medicine. It possesses some feeble antij)eriodic 
property. Piperine has been used to impart a pungent 
taste to brandy. It has also been tried as an insecticide. 
It is stated to he more toxic to houseflies than 
py rethrum, and a mixture of 0.05 per cent piperine 
and 0.0 1 per cent pyrethrins is more toxic than 
0.10 per cent pyrethrins alone (Henry, 1-2; U.S.D., 
1955, • Merck Index, 823). 

Oil of Pepper —Tht* characteristic aromatic odour 
of pepper is due to the presence of a volatile oil in 
the cells of the pericarp On steam distillation, 
crushed black pepper yields i.o 2.6 per cent (up to 
4.8‘X,) of the oil, the yield depending greatly u]}on 
the age of the dried fruits subjected to distillation. 
For the production of the oil, the lower priced 
(jualities of pepper, damaged or broken fruits, and 
pepper hulls (obtained as a hy-|)roduct in the prepara- 
tion of white pepper) serve as economic raw material. 
They arc distilled as fresh as possible to avoid loss 
of the oil during storage. White pepper is seldom used 
for commercial distillation since it is costly and also 
the hulls where the oil is mostly concentrated get 
removed during its preparation : the oil content in 
a fresh sample of white pepper is c. 0.95 per cent. 
Practically all the pepper oil offered in the market 
is produced in Europe or America from imported 
fruits. The pepper powder left after extraction of the 
oil can be employed for culinary purposes and also 
for extracting the oleoresin with alcohol [U.S.D., 
1955, 1800: Guenther, V, 139-41; Malik & 
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Bhattacharya, Agric, Marketing, 1964-65, 7 ( 4 ), 3 ; 
Chem. Abstr,, 1940, 34, 4828 ; Abraham, Farm Bull,, 
No. 55 . 19591- 

Oil of pepper is an almost colourless lo slightly 
greenish li(|ui(i with a characteristic ofloiir of pepper 
and also of phellandrene. The oil has a mild hut 
not pungent taste, and has the following ranges of 
values: sp. gr.*'*", 0.873-0.916; |ri|, -10'’ to 4-3”: 

1.480-1.499; acid val., up to i.i ; ester val., 
o. 5-6.5 ; ester val. after acetylation, 12-22.4: sol. in 
10 15 vol. of 90% alcohol and 3-10 vol. of 95% 
alcohol (Guenther, V, 141-42 : Gildemeisier & 
lioiTmann, IV, 512-14). 

Pepper siftings and dust (refuse obtained during 
the drying of pepper) are also sometimes distilled to 
yield inferior oils having liarsher and coarser odour 
and flavour than those from sound fruits. Siftings 
gave 1. 14 per cent and dust 0.85 per cent of the oil 
having the following characferisiics, respectively: sp. 
gr.'-*', 0.91 1, 0.91 1 ; |(ij„, -1.3°, -2"; /r"', 1.4961, 
1.4980: sap. val., 7.5, 2.8; phellandrene test negative 
in both the cases (Guenther, V, 142). 

Oil of pepper consists chiefly of the terpenes, 
/-phellandrene, caryophyllene, and perhaps dipen- 
tene. The characteristic odour of the oil has been 
attributed lo the presence of small amounts of 
oxygenated compounds (c. 5% in the oil) among 
which piperonal, dihydrocarveol, caryophyllene oxide, 
cryptone (C,,,II,,0, h.p. 108-24°) and an alcohol 
(C,„II,hO) have been identified. A sample of the oil 
from Malabar black pepper (yield, 3.2 Vo) had the 
following composition: a-pinene, 14; /3-pinene, 23: 
<//“limonene, 25 ; i-a-phellandrene, 7 ; caryophyllene, 
19 ; and dihydrocarveol. 2';o : epoxydihydrocaryo- 
phyllene, piperonal, cryptone, pheiiylacetic acid, 
|)iperidine, citronellol and other oxygenated com- 
pounds (perhaps lerpenic alcohols and glycols) were 
found in minor (piantities. Tn ant)ther sample, phel- 
landrene was absent. A recent investigation has 
shown the presence of a numher of sescjuiterpenes in 
the oil (Guenther, V, 143 : Hasselstroin ct al., J. agric. 
Fd Clicm,, 1957, 5, 53 : Muller & Jennings, ibid., 1967, 
15, 762 : Wrolstad, /. Fd Sci., 1961, 26, 499). 

Oil of pepper is occasionally adulterated with the 
lower priced phellandrene, dipentene and caryo- 
phyllene which are natural components of the oil 
itself. Their presence can be detected by careful 
odour and flavour tests ((xiienther, V, 143). 

Oil of pepper is a valuable adjunct in the flavour- 
ing of sausages, canned meats, .soups, table sauces and 
certain beverages and liqueurs. It is used in per- 


fumery, particularly in hoiuiuets of the oriental type 
to which it imparts .spicy notes dillicult to identify. 
The oil is also u.sed in carnation compound for soaps. 
It finds use in medicine. A mixture of the volatile oil 
and re.sin, prepared by extracting pe])per with ether 
was formerly ofUcial in U.S.P. Oils of black and white 
pepper appear to contain growth siimulanis for veasts 
(Guenther, V, 14.4 : Jacobs, If, 1748 : Poiicher, I, 333 ; 
Snell & Snell, 561 ; Webb & Tanner. Fnod Res., 1945, 
273). 

Pcplyer hulls — Pepper hidls or shells removed 
during the preparation of while pepper are sold 
separately as a light to dark brown powder with a 
very pungent odour and taste, and has been found 
u.seful for flavouring tinned AmuIs. They contain : 
moisture, 7.0-1 i.o; total nitrogen, 1.72-2.36; volatile 
ether extr., 0.68-1. 11 ; non-volatile ether extr., 1.5 1- 
4.97: fibre, 2i.r)6-32.i5 : starch, 2.3-15.3: total ash, 
7.82-28.81 ; and acid insol. ash, 0.79-22.90*’,,. They are 
reported to cemtain considerable oleoresin but no 
piperine. The colouring matter in the .shells is a pyro- 
gallol derivative. Ground .shells are used as an adulte- 
rant of ground jiepper. Pepper shells are rich in 
volatile oil and can be used as a .source of pepper (»il. 
A .sample of oil obtained from shells contained fi-and 
/ 4 -pinenes, «-phellandrene, limonene, laryophvlleiie, 
piperonal, dihydrocarveol. and an unidentified ketoiu* 
(m.p. 172°) (U.S.I)., 1955, 1799: rhorpe, IX, 278; 
Wehiner, I, 193 ; Guenther, V, 140 ; Sharm.a et al,, 
Parfuni, u, Knsmetik, 1962, 43, 505). 

Pepper hy-produets Three difl'ereiil bv-proiliu is 
arc available in the market, vi/.. the pepper rejections 
or wa.ste, varagu or the unferiili/.ed biiils, and the 
stems and inflorescence stalks. Analysis of these 
products is given in Table 10. Varagu and stalks are 
poor in ether soluble fractions and have a high 
content of crude fibre. Pepper rejections, however, are 
rich in the bite factor and can be used for prepara- 
tion of the oleoresin (Owarakanaib et ai.. Food Sci., 

' 959 - «» 35 ')- 

In order to economi/.e the use of pepper as a 
condiment and replace it in times of scarcity, many 
products having the characteristic taste and pungency 
of pepper have been prepareil by patented processes, 
particularly in U.S.A. A li(|uid pepper conipo.si- 
tion containing piperine in a concentrated form has 
been prepared by extracting the pepper fruits with 
acetone and subse(|uent treatment with anliydrous 
lactic acid. Fruits of low specific gravity but rich in 
oleoresin have been extracted with solvents for 
further proce.ssing into .spice pastes. A hoinogeneous 


111 



PIPER 


TABLE Ifr-ANALYSIS OF TRADE GRADES AND BY-PRODUCTS OF PEPPER* 


Moisture 

% 

T’riicic ;{ratlcs 

IVlIirluTry hlack pcpiXT, 

^arh'lL'cl special fK)lil 9.57 

T’otal N 

<v 

yo 

2.00 

Nitrogen 
in non- 
volatile 
ether extr. 

% 

.1.16 

Non- 

volatile 

ether 

extr. 

% 

6.17 

Volatile 

ether 

extr. 

o' 

/O 

1.24 

Alcohol 

extr. 

?o 

7.46 

Starch 

O/ 

yo 

47.25 

Total 

ash 

o/ 

/O 

4.55 

Crude 

piperinef 

% 

4.04 

TVlIiclicrrv black pepper, 
Karhlcd'F.A.Q. 

9.88 

1.98 

3.55 

7.(K) 

1.02 

8.28 

45.00 

4.35 

5.06 

Xfalabar black pepper, 
garbled K.A.Q. 

11.20 

1.85 

3.49 

8.53 

2.32 

9.88 

43.65 

4.83 

6.08 

Malabar black pepper, 
iingarbled 

10.30 

1.89 

3.58 

9.87 

1.74 

11. .S2 

40.95 

4.93 

7.26 

Malayan black pepper 

10.74 

1.84 

3.92 

7.67 

1.02 

8.42 

48.15 

3.60 

6.11 

Malayan while |K‘pper 

12.27 

1.76 

3.72 

8.09 

0.03 

8.72 

59.40 

1.06 

6.10 

Indian while pep|XT 

Trade wastes and by-pnKliicts 

10.60 

2.01 

3.83 

7.35 

0.51 

7.22 

.‘>6.25 

2.79 

5.72 

Pepper stems and inflores- 
cence stalks 

9.15 

1.94 

2.72 

4.21 

0.48 

6.18 

16.94 

9.37 

2.31 

Pepper rejections 

11.31 

2.15 

3..18 

12.44 

2.(K1 

13.36 

21.15 

8.02 

8.58 

I ’ura'f'ti (iinrert ili/.ed 
bulls) 

9.30 

2.19 

1.51 

2.34 

0.28 

4.26 

14.40 

M.07 

0.70 


* Dwarukaiiath <*/ ul.t Food Sci., 1959, 8, 351. 

•f IM|M'nne content calculated using the formula, 'N in non-volatile ether exir. calculated on the original material x 20.36'. 


solution of the olcorcsin (containing c*. 50 V,', of 
pipcrinc and resins, and 50'X of essential oil) h.Ts been 
prepared for use in .salad dre.ssings (Chem, Ahsir.y 
1954, 48 , 10258 ; 1955, 49 , 13552 ; 1957, 51 , 6040). 

A patent has been taken out for the preparation of 
a new flavouring .substance named Pepper-sal from 
waste black pepper (reject ion.s) and common salt. 
Pepper-sal lias found acceptance as a flavouring agent 
for salads, drinks and meat di.shes (Rao ct ah, Indian 
Pat., No. 67931. 1959: Srinivasan rt ah. Food ScL, 
1959. 8 , 289). 

Mouldy and insect-infe.sted pejiper are in no way 
inferior to good (juality pepper in their ether and 
alcoholic, extract contents. Mouldy pepper, having 
suffered no damage in the chemical constituents, 
can be reclaimed by removing fungal growth. A 
sample of mouldy peppei* from a Cochin god own 
contained: moisture, 12.02 : total nitrogen, 2.06 ; non- 
volatile ether extr., 6.56 ; volatile oil, 0.73 ; alcohol 
extr., 9.70 ; starch, 43.65 : crude fibre, 15.12 ; and ash, 
5.05%. In.scct-infestcd j)epper, however, consi.sts of 
hollow berries and is low in starch. It contains: 
moisture. 10.97; total nitrogen, 2.18; non-volatile 
ether extr., 7.89 ; volatile oil. 0.52 : alcohol extr., 
1 1.04 : starch, 40.95 ; fibre, 15.78 ; and ash, 4.35%. It 


can be used with other by-products for the prepara- 
tion of the oleoresin of pepper (l)warakanatli cl ah, 
Food Sci,, 1959, 8 , 351). 

PROOrCTION A.ND rKADK 

Production — ^The average annual production of 
pepper in India ranges between 23,(xx) and 28,cxx) 
tonnes (Table 9). Though the price of pepper has 
gone up since Worltl War 11 , there is no appreciable 
increase in acreage or production in India. The main 
reason for this is the wide fluctuation prevailing in 
the price of pepper from year to year ; the cultivators 
do not feel confident that the prices will continue to 
be remunerative when the crop, which takes four to 
five years to come into full bearing, reaches the 
market (Rep, Spices Enquiry Comm., 1953, 17; 
Export Prospects of Pepper, 1^5, 29). 

Asscmblinfr and Marketing — As the pepper pro- 
ducing areas in India arc mainly concentrated in the 
foot-hills of the western ghats, the important interior 
assembling markets are confined to Kerala and 
South Kanara. Assembling markets in Kerala 
are: Palai, Kottayam, Thodupuzha, Muvathupiizha, 
Parkunnam, Wynaad and Iritty, while in South 
Kanara, the major market is Kangangad. Important 
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distributing markets arc on the coast, viz. Alleppey, 
Cochin, Calicut, Tellicherry, Baliapatnam and 
Mangalore. The produce is carried to the interior 
assembling markets, mostly as headloads by the 
cultivators in small lots of 2.5-5.0 kg., from whom 
the village merchant purchases the produce and 
transports it when he has accumulated a sizeable 
([uantity of about 3<x) kg., to the assembling markets 
on the coast. I'hcre the produce is delivered to the 
commission agents, who supply it to the shippers and 
exporters. The latter get the produce garl)led, and 
graded and |)acked for supply to foreign or inland 
markets. In India, garbling is done partially by hand 
and partially by machines. By greater mechanization, 
the cost of garbling can he reduced (Rc/). Sjyiccs 
Enquiry Comm,, 1953, 26 27). 

Grades and Spccifications lMack pepper meant for 
export from India is graded under Agmark, the 
specifications covering more or less all (piaiities of the 
produce, viz. whole and heavy fruits, light fruits and 
pinheads (under-developed or broken fruits). Grade 
designations of whole hlack pepper along with their 
Indian Standards rec|uiremcnts are given in 'Fahle ii. 
Though numerous types of pepper are grown in 
India, in trade only two groups are mainly valued, 
viz. Malabar and Tellicherry peppers, each further 
classifieii under two grades, garbled and ungarhled. 
Garbled pepper contains less than 3 per cent 


impurities while ungarbled pepper contains 3-7 per 
cent impurities. Standards have also been drawn up 
for ground black pepper, though no exports arc 
made from India. IVpper intended for exports shouki 
be graded and marketed under the Pepper Grading 
and Marketing Rules and should be certified l)y the 
Spices Export Promotion Council whicli is autho- 
rized to test samples for (|uality and fix their grades 
and Agmark labels | Malik Bliattacharya, /Igric. 
Marketing, 1964-65, 7(4), 3 : IS: 1798-1961 1 . 

Among the different grades recognized in world 
trade, the 1 ellicherry and Alleppey black pepper are 
considered valuable for their large size, dark reddish 
brown colour and excellent aroma. 'I'hc average 
weight per hundred fruits and per litre of the 
different grades of black pe|)per in world trade are 
as follows: Mangalore, 8.57. 574: Malabar, 5.74, 
570: Singapore, 4.89, 476; Lampong. 3.59, 511 ; and 
Acheeii (Sumatra), 3.10 3.44, 330 432 g. Among the 
white pepper of commerce, the most important is 
Muniock white pepper from Banka Islands and to a 
lesser degree the Sarawak white pepper. Analysis of 
some of the trade grades of black and white pepper 
is presented in 'fable 10 | Malik & Bhattacharya, 
/Igric. Marketing, 1964-65. 7(4), 3 ; Cluenther, V, 
139-40 ; Winton & Winton, IV, 328-29I. 

Since the ipiality of pepper depends upon tlie 
content of the active princi|)les in it, pepper has to 


TABI.K 11-INDlAN TRADE DESIGNATIONS OF WHOLE BI.ACK PEPPER AND I HEIR REQUIREMENTS'^ 


Cradc designation 

Moisture 

Pinheads 

I.iKht 

Kxirancoi: 

Special cliaraetcristics 

with aldircviatioii 

max. 

max. 

fruits 

matter 

(6) 

(1) 

C»arl)led Malabar: 

(2) 

(•') 

max. 

(4) 

"V,, max. 

(•>) 


Mc; 1 

11.0 

nil 

2.0 

0.5 

(>rown in S. India ; garbled by eleaiiiiig or win- 
nowing; black ill colour; nearly globular with a 

M(; 2 

n.o 

nil 

.LO 

0.5 

wrinkU'd siirfac'e. the deepest wrinkles forining 
a network in the dried fniir 

I'ligarbled Malabar: 

Mi;(; 1 

12.0 

i.»t 

7.0 

2.(»t 

(^rown ill .S. India; colour \aryiug from brown In 
black ; with a wrinkled surface 

MUC; 2 

12.0 

l.0t 

10.0 

2.0t 


Garbled Light: 

GL 1 

12.0 

l.5t 


l.5t 

Grown in S. India ; colour varying from dark brown 
to blt'ick ; garblcfl, consisting of light fruits 

GL 2 

12.0 

4.0t 


U)X 


Non-specified : NS 

12.0 

.t.o: 


2AK 

Mixture of fruits of different grades in laryiiig 
proportions 

Pinheads: PH 

12.0 

. . 


.1.0 



•18:1798 1961. 

t 'ITie total of the 2 values under eoluiiuis (3) and (.S) sh.ill not he more than 2'V,. I Tlie total of the 2 \ allies under coliinins 
and (5) shall not be more than 4%. 
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conform to the food specifications of the importing 
countries. Cominunwcalth food specifications for 
black pepper' are: ether extr., <j^6 : ahsolute alcohol 
extr., < 1^8 ; total ash, ^7 ; and ash insol. in HCl, 
^>1.5';... '^I’he U.S. Government requirements for 
black and white pepper are respectively as follows: 
iion-volaiile ether extr., <£[6.75, <C7.<x) : starch, 

<(^30, <(52 ; total ash, ]J>7, ^>3.5 : and acid insol. 
ash, 1 .5 ; ^0.3% (Dwarakanath ct ul„ Food Sci., 
1958, 7 , 285 ; Parry, J.W., 1962, 206). 

Light pepper, containing rlie comparatively lighter 
fruits and pinheads are comparable to sound and 
plump fruits in their nitrogenous and volatile oil 
contents. A sample of pinheacls from Alleppey con- 
tained : extraneous matter, 28.97: moisture, ii.i; 
protein, 9.12 : starch, 31.18 : fibre, 17.60: non-volatile 
ether extr., 5.5: volatile oil, 1.6: and ash, 10.88V0 ; 
wt./litre, 366.6 g. Light pepper and pinheads though 
looked down upon in trade can he made use of 
for the manufacture of ground pepper (Malik & 
Bhattacharya, loc. cit.). 

Whole black pepper is often adulterated with the 
fruits of Lanttma aimara, Vitex altissima Linn, f., 
or with the seeds of Carka papaya, anti the dried and 
roasted berries of Sclihius molle Linn. Addition of 
dried papaya seeds can he detected by the fact that 
the product will have a lower crude starch and 
higher non-volatile ether extract content than true 
pepper [Allen, VII, 172-74, 181 84: Rep, Spices 
Enquiry Comm,, 1953, ’ Bhatnagar & Gupta. Res. 

Bull. Panjab IJniv,, N.S., .Sci. Sec., 1965, 16(4), 323 ; 
Thorpe, IX, 279-80 : Mitra & Roy, /. Instn Chem, 
India, 1955, 27 , looj. 

Exports — India has been a chief source of pepper 
to world markets since time immemorial. At present 
Indonesia, India and Sarawak are the three leading 
exporters of pepper accounting for c. 97 per cent of 
world exports : Cambodia, Ceylon. Malagasy and 
Brazil account for the balance. India's share in 
exports has been declining in recent years, mainly 
due to the increased supplies from Indonesia and 
Sarawak and the development of pepper plantations 
in Malagasy and Brazil (Export Prospects of Pepper, 
1965, 9). 

The main market for Indian pepper has been 
U.S.A. Immediately after the war, the total exports 
from India to U.S.A. increased from 873 to 11,000 
tonnes. About 6t> per cent of the American demand 
is met by Indian exports. In recent years, U.S.S.R. 
has become the second largest market for Indian 
pepper and its share has trebled (from 6 to about 


i9Vm). At present U.S.S.R. and the East European 
countries together account for a bigger share for 
Indian pepper than U.S.A. ; in recent years U.S.A. 
has been importing its requirements mainly from 
Indonesia and Brazil. Other countries which show 
|)referencc to Indian pepper are, West Germany, 
France, Italy, Netherlands, Belgium, U.K. and 
Canada. The exports of pepper to different countries 
are given in Table 12 {Export Prospects of Pepper, 
1965, II. 32-45: Kevorkian, Foreiffi /Igric., 1965, 
3(29). 1 1 1. 

India has not been able to establish herself well 
in the European markets in general, becau.se the 
demand is mainly for white pepper in these countries. 
Even in such countries as Greece, Norway and Spain, 
where black pepper is in demand, India has not been 
able to make much headway due to serious competi- 
tion from Indonesia and Sarawak (Export Prospects 
of Pepper, 1965. 46-47). 

Cochin, Alleppey, Bombay, C'alicut and Mangalore 
are the major ports from where black pepper is 
exported from India. For export purposes, pepper is 
generally packed in double gimny bags, with a 
capacity of 60-75 outer bag is new. while the 

inner one is usually old. Indian Standards re(|uire 
that unless agreed to otherwise between the purchaser 
and the vendor, black pe|)per, whole, shall be packed 
in clean and sound jute bags, with or without a 
moisture-proof lining of a material whicli does not 
impart any foreign smell to the product. The mouth 
of each bag shall either be machine-stitched or rolled 
over and hand-stitched. It has been found that pepper 
dried and immediately packed in double burlap l)ags 
wiib a polythene or alkathene lining is free from 
infestation from insects and fungi for a long time 
|f?c/). Spices Enquiry Comm., 1953, 21 : IS: 1798- 
1961 : Abraham, Cashezv & Pepper Bull., I997--58, 
2 ( 5 ). .^ 1 - 

Internal Trade — Internal consumption of pepper in 
India is fairly large hut in recent years, it has shown a 
downward trend due to major portion being exported 
outside and higher prices prevailing inside the 
country. The (juality of the spice distributed in the 
internal markets has also become poor, consisting of 
a large |)roportion of hollow and light berries and a 
considerable amount of foreign matter. In internal 
trade, the produce is moved mostly by means of 
coastal steamers and the bulk of the produce is trans- 
ferred from Alleppey and Cochin. Formerly, half the 
(|uantity entering internal trade used to be moved to 
Bombay and the other half to Calcutta, these two 
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TABLE 12— EXPORTS OF BLACK PEPPER FROM INDIA TO DIFFERENT COUNTRIES 


Qty (in thousand kg.) Val. (in thousand Ks.) 


Oiiiri tries 

r- 

1961-^2 

IW2 

.. . ^ 

1965 64 

1964 65 

1965 456 

1966-457 

f 

1961 62 

1962 65 

1965 64 

1964 65 

1965 /)6 

1966 67 

fJ.S..S.R. 

2,781 

2.962 

5,654 

5,000 

8,029 

5,274 

I0.27l» 

9,540 

17,876 

20,069 

54.140 

17,425 

r.s.A. 

8,961 

6.470 

2,552 

2,2.‘?8 

5.760 

5.585 

52.670 

19.975 

6,987 

9,577 

24.555 

19,961 

Italy 

1.612 

1,786 

l,7f>0 

1,589 

1,861 

1,751 

6.550 

5.947 

5,695 

6,284 

8,595 

10,490 

Yugoslavia 

706 

.S97 

479 

740 

1,182 

1.292 

2.765 

1.914 

1,584 

2.744 

5.<179 

7,767 

(V.i'i'lKisluvakiu 

455 

814 

810 

706 

1.055 

550 

1.898 

2.754 

2,59ii 

2,847 

4,557 

5.281 

Canada 

1,128 

1,559 

1,179 

974 

1,158 

W5 

4,148 

4,094 

5,624 

5,704 

4.750 

6,147 

IT.A.R. 



768 

275 

919 

245 



2.578 

1,245 

5,848 

1,508 

Poland 

557 

707 

840 

790 

858 

710 

2,2(»6 

2.504 

2,701 

2.980 

5,576 

4,155 

1 lungary 

495 

517 

580 

515 

780 

650 

1,948 

1,658 

1,251 

2,056 

5,371 

5,465 

E. (Germany 

581 

1,165 

1.295 

920 

480 

702 

2.516 

5.844 

4.059 

5.611 

2,097 

5,879 

Rumania 

621 

117 

545 

495 

440 

1,055 

2.587 

597 

1.115 

1,895 

1,855 

5,901 

Algeria 

25 


4 

290 

150 

475 

101 


12 

1,211 

666 

2,722 

W. Pakistan 

154 

566 

415 

447 

152 


725 

1,249 

1.285 

1,444 

577 

.. 

F'. Pakistan 

127 

258 

156 

189 

46 


655 

968 

570 

769 

202 

. • 

Rulgaria 

125 

277 

too 

255 

100 

155 

486 

895 

520 

920 

452 

952 

F'rance 

255 

554 

50 

108 


48 

917 

998 

154 

446 


258 

Other eoun tries 

5,0/i0 

5.159 

2,589 

1,157 

2,187 

1,795 

10.672 

9,591 

6,742 

4.094 

8,991 

10,698 

'roTAL 

21.619 

20.868 

18,954 

16,688 

2.%115 

17,020 

80,868 

65,706 

58.885 

64,155 

106,849 

98,567 


acting as important distributing markets for northern 
India. In recent years, Calcutta has become the main 
distributing centre for North India, while Bombay 
mainly deals with re-exports to the foreign markets. 
Besides coastal steamers, part of the pepper going to 
the North Indian markets is transported by rail. 
Cochin and Tellicherry are the main stations for rail 
exports. From there pepper is despatched to Madras, 
Bangalore, Bombay, Delhi. Kanpur and Calcutta. 
From Calcutta, the subse(|uent distribution is mainly 
done by rail (Export Prospn ts of Pepper, 17; 

Rep, Spices Enquiry Comvi,, 1953, 23-24). 

Prices— The average annual price of pepper at 
Cochin was Rs. 108 for 301^ kg. in 1939. By about 194S. 
it reached up to Rs. 690 and in 1949, the price 
suddenly shot up to Rs. 2,286 and increased still 
further in the sulisequent years. The price of pepper 
has been lluctiiating very widely in the world market 
from year to year and has made the production and 
trade of pepper very uncertain and risky. Factors in- 
fluencing these fluctuations are in most cases unfore- 
seeable developments such as weather, pests, etc., 
sometimes amplified by speculative influences such as 
cornering of stocks. Efforts have been made to 


stabilize the price by consultation amongst producing 
countries, namely India, Indonesia. Sarawak and 
Cambodia, hut so far no concrete proposal has been 
formulated or accepted. Attempts to limit the effect 
of fluctuations or production have been made by 
Ceylon, where co-operatives purchase pepper at a 
price fixed by the government [Export Prospects of 
Pepper, 1965. 57 ; FAC), Conunodiiies Bull, Ser„ 
No. 34, 1962, 26). 

P. peepuloides Roxb. 

FI. Br. Ind., V, 83. 

A slender, glabrous climber or an erect shrub about 
3 111. in height, found in tropical Himalayas from 
Nepal to Bhutan, and in Assam. Lushai hills and 
Khasi hills ascending to a height of 900 m. Leaves 
5.0-12.5 cm. long and 2.5 -5.0 cm. wide, ovate oblong, 
acuminate, sometimes narrowed to a minutely cor- 
date base : petiole 0.25 0.50 cm. long : male spikes 
slender, 5.i>-7.5 cm. long, clothed with peltate bracts : 
female spikes 1.25-2.5 cm. long, cylindric : fruit 
2 mill, in diameter, not very firmly held on the axis. 

The .fruiting spikes are sold as long pepper (Savali 
peepul). They are mostly collected from wild plants 
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in Assam. The fruits which mature from autumn to 
winter months are collected by villagers and brought 
to Shillong in small lots to the wholesale dealers. 
The total production is estimated at about 80,000 kg. 
per annum. It is sold either pure or adulterated 
with the spikes of P. hmgum. The fruits have no 
pungency when chewed, hut exhibit strong sialo> 
gogue action, followed by numbness and tingling 
sensation on the tongue. They contain a liquid 
alkaloid, hut no piperine. Recently, the presence of 
an unusual lignan ( + )-diaeudesmin (C^IIsaOi., 
m.p. 157-58°) and a substance named pipataline 
(CiyHanOa, m.p. 38®) has been reported in the fruits. 
IVtroleum ether extract of the fruits, when adminis- 
tered parenterally produced marked convulsion in 
experimental animals (Atal & Ojha, Kcon, Bot., 1965, 
19 , 157 ; Atal rt al, /. chnn. Sot\, Ser. C., 1967, 222S; 
Chnn. 1967, 2173: Chandhoke & Ghatak, 

Indian /. exp. Biol., 1968, 6, 33). 

The stem and the roots are used as medicine in 
lcpro.sy in the Khasi and jaintia hills (FI. Assam, IV, 
34 )- 

P. retrofractum Vahl syn. P. chaba Hunter non 
Rluine, P. officinarum IX^. Java 1-X)n<; Pkpper 

D.E.P., Vr(i), 256; C.P.. 890*: FI. Br. Ind., V, 84; 
Kin. & Basil, Til, 2130, PI. 822. 

Hindi Cliah, chavi ; Beno. XlUai, choi, ffachha; 
Mak. -Chavalit, miravela ; Gi'j . — Chavaha ; Tei.. — 
Chaikama, sevasit, 

A glabrous rather fleshy cliinher, with adhesive 
roots, native of the Moluccas, reported to be culti- 
vated in India and Indonesia. Leaves oblong, ovale 
or lanceolate, acuminate, base rounded, unec|ual, 
12.5-18.0 cm. long, 6.IV-7.0 cm. wide, petioles 6.0- 
13.0 mm. long : fruiting spikes cylindro-conic ; fruits 
very small, bright red, globose, 2.o-2,5 mm. diain. 

This species furnishes the Java Long Pepper, which 
is the chief commercial long pepper exported from 
Indonesia to various countries. The fruiting spikes of 
tliis species are also imported into India mainly from 
Singapore and they are reported to be cheaper than 
other long peppers, and measure 2.5-4.0 cm. long and 
5.0-8.0 mm. in diameter : they are reddish brown 
with a comparatively smooth surface (Atal & Ojha, 
Pkon. Bot., 1965, 19 , 157 : Kirt. & Basil. Ill, 2130: 
Burkill, II, 1742, 1752). 

The fruits have a weak aromatic odour and a 
pungent flavour somewhat resembling black pepper, 
but weaker and less agreeable, prcnlucing a ginger- 
like after taste ; their smell becomes objectionable on 
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warming. They are used as a spice and in pickles and 
preserves. They are not marketed in the ground 
form ; their flavour and smell on warming preclude 
their use in an unmixed state. Sometimes, ground 
long pepper is used as adulterant of ground black 
and white pepper, for which purpose it may be 
bleached. When added to pepper in considerable 
amounts, it imparts a peculiar slaty colour and a 
characteristic odour on warming ; it also causes an 
increase in acid-insoluble ash. It can Ik* easily identi- 
fied under the microscope by its well defined and 
angular starch granules which arc much larger in 
size (6-10/*) than those of ordinary pepper and appear 
isolated or I(M)sely clustered (I'horpe, IX, 280 : Atal 
& Ojha, loc. cit. ; Allen, VII, 181-83 ; Hill, 452). 

Java long pepper is similar in composition to black 
pepper : it contains less piperine and volatile oil. 
Analysis of a sample of long pepper gave the follow- 
ing values: moisture, 9.5; protein, 12.2; piperine. 
4.5 : fixed oil, 6.6 ; volatile oil, 1.5 ; starch. 39.5 ; fibre. 
5.8 ; total ash, 5.9 ; acid sol. ash, 4.2 : and sand, o.2',o. 
A pellitorine-like alkaloid has been reported in the 
fruits. Dried long pepper yields on steam distillation 
al)out I per cent of a light green, viscous, volatile oil, 
with an odour reminiscent of that of black pc|>per 
and ginger oil. The oil is not produced commercially 
(Winton & Winton, IV, 337, 330 : Atal & Ojha, loc. 
dt. ; (xuenihcr, V, 147). 

The fruits liave stimulant and carminative pro- 
perties and are used in haeinorrhoidal affections. In 
Malaya, they arc used in tonics for languid ness and 
after childlurth and also in digestive and other 
disorders. The stem has properties similar- to pipla- 
mul or pipit from P. longum and is used in medicine 
as a substitute for the same. It contains the alkaloids 
piperine and pipiartine : )3-sitosterol, glycosides, 
mucilage, and glucose and fructose have also been 
reported. Preliminary pharmacological experiments 
indicate the presence of a smooth muscle-relaxant 
active principle in the stem (Bose, Sci. & Cult., 1935- 
36, 1 , 1 1 1 ; Mishra & Tewari, /. pharm. Sci., 1964, 53 , 
1423 ; Miglani & Gupta, /. Instn Chem. India, 1964, 
35 , 259 ; Tewari et al., iMbdev. J. Sci. S' Tcchnol., 
1964, 2, 1 18 ; Atal & Ojha, loc. cit.). 

In the Philippines, roots arc chewed or brewed in 
decoction as a cure for colic ; they arc also used for 
dyspepsia and gastralgia. The wood and root arc 
reported to have been used in Bengal for dyeing; 
they give a pale brown colour on cotton if used alone 
and a brownish red when mixed with Caesalpinia 
sappan (Quisumbing, 217). 
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Fruits available in trade under the name Caj Pipal 
are erroneously supposed to be from this species. 
They liave been sliown to be the inilorescence of 
Rorassus fhbellifrr and Syndapsis officinalis. Similarly 
some characteristically twisted and dried stems are 
sold as Chavak and supposed to Ite stems of tliis 
species. They have been definitely proved to he not 
of any Pipvr species (Atal & Ojha, loc. cit.). 

Among the other species of Piper occurring in 
India, the undermentioned are reported to be used as 
substitutes for P. hctlc, P. nifrrum or P. loufrtnn. 

P. bantamense Blume syn. P. attvnuatum Buch.- 
11 am. ex Miep, a slender, rambling climber, with 
stout but soft, flexuous branches, is found in the 
eastern tropical Himalayas, Assam, Khasi hills, 
Orissa, hills of Vishakhapatnam and (Godavari 
districts (at 6(x> m.), the eastern slopes of Nilgiris, 

the western ghats, and the hills of Tirunelveli district. 
It bears orbicular-ovate or cordate leaves, 6.0- 15.0 cm. 
long and slender female spikes, lengthening in fruit 
to 23 cm. The fruits are ellipsoid or globose, 4 mm. 
in diameter. 

In Malaysia, parts of this plant are put into 
water when washing clothes in order to scent them. 
It has an intense rubefacient effect and is used 
in poultices for headache and other pains. Hie 
root macerated in water is said to be used as an 
excellent diuretic (Burkill. II, 1716; Kirt. & Basti, 
III, 2136). 

P. hamiUonii C. DO. [Jangli Pan), a glabrous 
shrubby, scandeni plant, with coriaceous elliptic or 
almost rounded leaves, found in Sikkim Terai, West 
Bengal and in Khasi hills, is reported to be one of the 
wild peppers of India. 

P. mnllcstis Buch.-Ham. syn. P. brachystachyum 
Wall, ex Hook. f. {Pahari pipar, paliari pan), is a 
glabrous shrub foimd in the sub-tropical Himalayas, 
from Simla to Bhutan up to a height of 1.500 m., in 
the Khasi hills and in the Nilgiris. It bears thinly 
coriaceous leaves, 7.5-17.5 cm. long, and globose or 
shortly oblong fruiting spikes. The reported chemical 
compositioti of leaves of a wild growing |iepper prol> 
ably refers to this species. The leaves on steam 
distillation gave a volatile oil with an odour remini- 
scent of lime oil and having the following charac- 
teristics: sp. gr.iJJI , 0.9035 ; «•*“', 1.4969 ; acid val., 1.2 ; 
ester val., 12.4 : and ester val. after acetylation, 37.9 
(Sanjiva Rao ct al., Per f inn. csscnl. Oil Rev., 1937, 
28 , 87). 

P. schmidtii Hook. f. (NiLcaRi Pefpkk) is a large 
climbing shrub found in Assam, western ghats, the 


Nilgiri and Palni hills above 1.500 m., especially in 
the shola forests. It bears ovate-elliptic leaves and 
long, curved and spirally twisted fruiting spikes with 
red or yellow, fleshy fruits, oblong or globose. It is 
another wild pepper reported to be used as sj)ice or 
condiment among the indigenous population of the 
Nilgiris. This is sometimes referred to as Big Berry 
and is reported to be present among cultivated plants 
in some estates (Barber, Rull. Dep. /Igr/c. Madras, 
No. 56, 191x9, 128: KrLshnamurthi. 174). 

P. subpeltatum \^\\\(\. — Pothoniorphe subpeltata 
(Willd.) Mi<[. syn. Heckeria subpeltata Kunth is a 
large herbacecuis shrub found in the western ghats 
in all districts in evergreen forests up to 1,500 m. It 
bears coarse, orbicular leaves and cylindrical spikes 
12-15 leaves are eaten raw or cooked 

as a seasoning and the sweet fruits are also eaten. In 
the Philippines, young leaves and flowers are boiled 
with fish for flavouring. In Malaya, the leaves are 
used for poulticing. In the Moluccas they are applied 
to wounds and swellings. A decoction is taken inter- 
nally for distended stomach (Burkill, TI, 1953 54 ; 
Brown, r94i, I. 446). 

P. sylvaticum Roxb. (Beno. & Assam -Pahari- 
pipul), a low creeping, succulent plant is found in the 
jhils and lower hills of Bengal and Assam and is said 
to resemble P. bantamense and P. longum. It yields 
fruits (3-4 mm. in diam.) used both in the green anri 
ripe condition in fotHl preparations. In Bengal, the 
fruits are used as carminative (Kirt. ^ Basu, III, 
2 ' 3 ')- 

P. thomsoni Hook. f. (Sikkim -Pipla, jnnfrli pan), a 
.scandent. glabrous climber with ovate-oblong or 
lanceolate acumitiate leavc.s, is very common and 
abundant in Sikkim, up to an altitude of 2.100 m. and 
in Bengal, Khasi and Jaintia hills and in Manipur. 
Its leaves are used as pan in Sikkim and the roots are 
macerated in water and used as a diuretic {Bull. hot. 
Snrv. India, i960, 2 , 244: Rao Rolla, ibid., 1963, 5 , 

' 75 )- 

P. trichostachyon DC., a woorly. stout-stemmed 
vine, with elliptic-lanceolate leaves is found in the 
western ghats up to 750 m. in Mysore and Kerala and 
Sivagiri hills in 'rirunelveli district. It is re|>orte(l as 
occurring along with cultivated pepper in some 
e.states in Malabar. It is also called Pouched Pepper 
and has characteristically fragrant spikes and large 
fruits (Barber, Bull. Dep. Agric. Afadras, No. 56, 
1909, 128). 

P. wallichii Hand.-Ma/.z. syn. P. aurantiacinn Wall, 
ex IX^ ; P. arcuatum Blume (Hindi — SItamblialuka 
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hui ; Ben<;. — Rvnuk), a stoiii glabrous climber, with 
coriaceous leaves, 7.5-1(10 cm. long, is found in 
Nepal, I..akhiinpiir and the Khasi hills in Assam. It 
bears drooping spikes, 3.8-7.5 cm. long, with fruits 
distinctly angular and pyramidal when young, and 
globose when ripe, about 4 mm. in diatneter. 

The fruits are reported to possess hitter, acrid and 
cooling properties. They are reported to be used as 
uterine slimulatit. Crude alcohol extract of fruits 
(from Jai])ur market), when injected into dogs 
showed some hypotensive activity and strong stimu- 
lation of the uterus and intestines, increa.sing both 
tonus and movement. 'I'he fruits probably contain 
maltose, but no alkaloids (Kirt. & Basil, III. 2136; 
Arora ct ///., IJniv. Rajpuiana Stud, Med, See., 
>953-54. 30)- 

PIPTADENIA Beiith. {Legtmtiuosae ; Mimosaccae) 
FI. Br. Ind., II, 28(> 

A genus of trees and shrubs distributed in the 
tropics, chieily in South America. One species is found 
in India and another has been introduced. 

R. oudlicnsis Brandis ~ Indopiptadvnia oudlicusLs 
(Brandis) Brenan {Ovmi — Genii) is a .small, hand- 
some, prickly tree with bipinnate leaves, occurring 
on the otitermost Himalayan foot-hills of Uttar 
Pradesh ; it is also occasionally cultivaied in gardens 
in North India and West Bengal. The tree is reported 
to he lopped for cattle fodder. 'Phe wood is hard, 
close-grained and durable (Parker, 201 ; Brandis. 
1874, 169 : Camble, 28(9). 

P. rigida Wemh.^^Parapiptudenia rigidu (Beiitli.) 
Brenan. a tiative of Brazil, is a shrub or a free with 
bipinnate leaves and axillary spikes ol* .small white 
flowers, introduced in F.R.l. Arboretum, Debra Dun. 
and is reported to be growing well. In Brazil, it is one 
of the chief sources of Angico (him which sometimes 
occurs in commerce as amljer coloured, water-soluble, 
angular or globular fragments (5.0-7.5 cm. in diam.) 
and re.sembles gum arabic in general propertie.s. The 
gum is u.sed as an adhesive and as a con.stituent c»f 
medicine.s. The hark contains tannins (15-20^';,) and 
colouring matter and is u.sed for tanning. 'Plie 
W(jod is reddish brown, very hard and heavy (wt., 
945 kg./cti.m.) and is used for construction pur|>oses. 
It is also reported to be a source of paper pulp. 
Analysis of the wood gave the following values: 
cellulose, 41.30; lignin, 26.50: pento.sans, 21.00: and 
ash. 0.(90% (Kaizada & Hingorani, 24: Howes, 1949, 
61 : Mantell, 71 : Peon. Bot., i(;53, 7 , 189; Record & 
Hess, 307 ; Clietn. Abstr., 1957, 51 , 17165). 


PIPTURUS Wedd. {Lhlieaeeue) 

FI. Br. Ind., V, 589. 

A small genus of trees or shrubs found from 
Mascarene Islands to Malaya, Australia and Poly- 
nesia. One .species occurs in India. 

P. ineanus Wedd. syn. P, velutinus Wedd. is a tree 
or shrub with ovate-cordate leaves (10-20 cm. in 
diam.) and axillary spikes of small flowers found in 
the Andaman and Nicobar Islands. The leaves are 
employed for poulticing boils, burns and herpes ; 
they are also used in gargles for thrush. Bark yields 
a fibre u.sed for .sails and nets (Burkill. II, 1754: 
Uphof, 284). 

PISCIDIA Linn. [Leguminosae ; Papilionaeeae) 
Bail(‘y, 1(947, III, 2648 ; Bentball, 148. I'ig. 

A small genus of evergreen trees nativi* of tropical 
America. P, piscipulu (Linn.) Sarg. .syn. P. erythrinn 
Linn. (Jamai(:.\ Docwood) has been introduced into 
.some of the Indian gardens : the trees, however, 
remain small and are more or less straggling in habit. 

The wood of P. piscipula is valued for its toughness. 
It is u.sed for heavy construction and as a substitute 
for mahogany ; it is also employed for boar building, 
chairoal and fuel | Record ik Hess, 308: Butler & 
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Miillcn, Acta phytothcr,, Amst., 1955, 2(8), i ; 
Uphof, 284]. 

Almost all parts of the plant arc used for stupefy- 
ing lish : they have also been shown to he toxic to 
some species of insects (U.S.l)., 1955, 1808 : Auxenee. 
Kcou. Hot., 1953, 7 , 270). 

The bark possesses anodyne and sedative properties, 
and its extract is used in neuralgia and dysmeiior- 
rhoea. Preparations of the hark showed appreciable 
uterine depressant activity in experimental animals. 
Jamaica is the main source of the commercial hark, 
which is obtained as a by-product of the lumhering 
operations : commercial hark, therefore, mostly 
consists of stem hark, though root hark has been 
reported to he more potent (Martindale, I, 1384; 
Wren, 168 : Youngken, 476 : Auxenee, loc. cit.). 

The hark has been variously reported to contain 
glucositles, an amorphous alkaloid, piscidic acid 
(C.iH.aO;, m.p. 181-85°), rotenone. an unsaturated 
ketone named ichthynone (Ca.,Ha„0;, m.p. 202-04°), 
which is highly toxic to goldfish, and 5 new 
aromatic substances, vi/. jamaicin m.p. 

193 94°), lisetin (Ca..Ha,0„ m.p. 285°) and traces of 
sul)stances designated D, E and G (m.p. 253°, 211° 
and 219° respectively). Jamaicin is hiogenetically 
related to rotenoids, whereas compound G is possibly 
an anthoxanthin (Moore & Eng, /. Amcr. chew. Soc,, 
1956. 78 , 395 : Kapoor ci ah, Hclv, cliim, acta, 1957, 
40 , 1574 : Stamm <7 ah, ibid., 1958, 41 , 2oofi). 

PISONIA Linn. (Nxcta^rinacrac) 

A genus of trees and shrubs distributed in the 
tropics, 'riiree species occur in India, 

P. aculeata Linn. 

D.E.P., VI(i), 268: FI. Br. Ind., IV, 711 : Kirt. & 
Basil, 1 ^ 1 . 784. 

Bk.n(;. Ha^hachura ; Tki.. -Emhudi, konki, kona- 
karapulri, plsanifi ; T\m.- Karindu, murukkaUi, 

niuruvilikkodi, turattinnal udappu : K.w. Apitu- 
hannu ^ida, sidcsoppu ; Oniw—Hati-ankusa, 
hathianso, 

A large scandent shrub with recurved thorns found 
along the sea coasts in the peninsular India, parti- 
cularly from Konkan southwards in the west and 
from Orissa southwards in the east, and also in the 
Andaman Islands. Bark light brown, thin : leaves 
elliptic or elliptic-lanceolate, obtuse, entire ; flowers in 
axillary and terminal cymes : fruit oblong or clavate, 
5-rihhed, ribs marked with stiff glandular-headed 
short sticky prickles in double rows. 


1 'he plant makes an excellent hedge. The hark and 
leaves of the plant are used as a counter-irritant for 
swellings and rheumatic pains. The juice mixed with 
pepper and other ingredients is given to children 
suffering from pulmonary complaints. In Philippines, 
a decoction of fresh leaves is used to wash scabies. The 
sticky fruit is used in Philippines to trap birds, small 
animals and monkeys (Kirt. ik Basu, III, 2049 ; 
Quisumhing, 277 : Fox. Philipp. ]. Sci., 1952, 81 , 173). 

P. grandis R. Br. svn. P. alba Sjianoghe : P. sylvestris 
1 Vijsm. A' Bimi. : P. worittdaefolia R. Br. ex Wight 
I iK ITCCK I'rkk 

1 ).E.P.. VI(i). 268: FI. Br. Ind., IV, 71 1; FI. 
Malesiatui, Ser. I. 6(3), 464, Fig. 11, 13. 

Gi’j. Vclati salrt ; 'Tkl. -I Muchamundaku ; Taxt. 
— Lccliai kottal, chandu ; Ka\. — Stdesoppu. 

Box I BAY — Ch { nai sali t . 

An evergreen tree, 9 12 m. high, reported to he 
found in the beach forests of the Andaman and 
Nicobar Islands and in the I.accadive Islands. Leaves, 
15-25 cm. long, ovate-oblong to oblong, pale greenish 
or yellowish : flowers dioecious, in corymbose terminal 
cymes : fruits narrow club-shaped. 5-angled, angles 
with one row of prickles. 

'rhis species is distributed mainly in small remote 
islands from the western Indian Ocean to the eastern 
Pacific. The commonly grown lettuce tree is, however, 
considered to he only a culligen derived from the wild 
plants by repeated transplantation. This is especially 
adapteil to sea coast and succeeds well in gardens in 
Madras and other places near the sea, on both east 
and west coasts. It is also grown as a hedge or wind- 
break. ft is propagated by cuttings ; it produces 
flowers very rarely (Airy Shaw. Kezv Bull., 1952, 87 ; 
FI. Malesiana, Ser. I. 4 , Ixviii : Firminger, 387- 88 : FI. 
Madras, 1164: Ghatterjee &: Randhawa, ludiau ], 
Uort., 1952, 9 , 64). 

The leaves of the cultivated plant resemble lettuce 
in taste and are used as vegetable and as salad : the 
leaves of the male tree are darker and said to he less 
a|)pelizing. The leaves are also fed to cattle. Analysis 
of the tender and mature leaves gave the following 
values respectively: moisture, 90.2, 81.7; protein, 
3.6, 5.1 ; fat, 0.2, 0.4; carbohydrates, 3.2, 10.2 ; fibre, 
0.6, : and mineral matter, 2.2, 2.6“,',; calcium, 

170, 320 : phosphorus, 60. 80 ; and iron, 3.6, 2.6 mg./ 
too g. Vitamin values in tender leaves are: vitamin 
A, 1,480 I.U. ; thiamine, 0.03; riboflavin, o.ii; 
nicotinic acid, 0.2: and vitamin C, 10 mg./ too g, 
(Burkill, II, 1755: Airy Shaw, loc. cit.; Rama Rao, 
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32S : Gopalaswainicngar, 246: Nutritive* Value of 
Indian Foods, 55, 92, 125). 

The fresh leaves, moistened witli Kau-de-CoIogne, 
are used to suhdiie inHammation of a filarioid nature 
in the legs and other parts. 'Fhey are used as 
diuretic. The root is considered purgative (Hocking, 

*74)- 

l\ itwhcllifcrti (Forst.) Seem. syn. F. rxccisa Bliiine. 
an evergreen tree, 9-15 m. high, with ohovate to 
elliptic or ol)long-lanceolate leaves, fragrant flowers 
and sticky fruits, is found in the Andaman Islands. 

'I’he wood of the plant is white, soft and full of 
sap : it is eaten witli relish hy elephants (Steminerik, 
Bhtmca, 19^)3-65, 12, 275 : Corner, I, 511 : Parkinson, 
227). 

Pistachio — see Pistacia 

PISTACIA Linn. (Anacarduiceae) 

A genus of dioecious trees and shrubs di.stributcd 
chiefly from the Mediterranean region to East Asia, 
and in Mexico and Texas. Two species occur in 
India. Some of the species, not foiiml in India, yield 
valuable articles of trade. F. vera Linn, is ibe source 
of Pistachio Nut (Pista) which is itnported in con- 
siderable (piantities into India. F. lentiscus Linn, 
yields Mastic, a high grade resin, which is also 
imported into India. 

P. integerrima Stewart ex Brandis 
1).E.P., VI(i), 268 ; C.P., 901 ; FI. Br. Ind., II, 13. 

N. W. HiM/\r.AYA.s kdkri, hangar, 

A moderate si/ed deciduous tree, up to 18 m. in 
height and 2.7 m. in girth, with a short stout bole 
found in the Himalayas from Indus to Kumaun at 
altitudes of 350-2, 4<x) m. : it is often cultivated in the 
Punjab plains. Bark dark grey or blackish, viscous 
and aromatic wlien cut: leaves pinnate: leaflets 
lanceolate, 7 12 cm. long; flowers in panicles, small, 
reddish ; drupe globose, c. 6 nun. in diam., rugose, 
grey when ripe. 

'riiis species has been considered as a synonym or 
a variety of F. khinjuk Stocks by .some earlier authors. 
More recently, it has been regarded as F. chinensis 
Bunge var. integerrima Zohary (Zohary, Palest, /. 
Bo/., Jerusalem Ser„ 1950, 5, 187). 

The tree grows on hot dry slopes with shallow soil 
or on open rocky ground and limestone .soil. In 
Punjab and Himachal Pradesh, it is common in 
Pinus roxburghii forests and is often associated with 
Acacia modesla and Olea ferruginea. Natural seed- 
lings spring up under hushes and force their way out. 


The rate of growth is moderate with an annual girth 
increment of i. 8-2.0 cm. Shoots arc reported to be 
affected by the pests Cliactoptelius vestitus Rcy., 
Estenohnrus perrisi Beeson and Pemphigus aedificator 
Buckton [Troup, I, 236; Osma.ston, 140; Mathur & 
Balwanr Singh. Indian For, Bull,, NJS„ No. 171(7), 

*959. 3«1- 

The tree yields a heautifully mottled ornamental 
wockI. Sapwood is white and broad ; beartwood olive- 
yellow to yellowish brown, striped with darker lines, 
straight to inierlocked-grained, medium-textured, 
hard, strong and heavy (sp. gr., 0.883 : wf., 881 kg./ 
cu. m.). 'I'he wood can l)e seasoned with ease, but if 
left in the log it sometimes develops radial splits ; 
green conversion and stacking the planks in close 
piles under cover have been recommended. It is 
durable even in the open. It is not difficult to .saw 
and can be worked to a smooth tini.sh, taking a 
lasting polish. The data for the comparative suitabi- 
lity of the timber, expre.s.sed as percentages of the 
same properties of teak, are: weight, 130: strength 
as a beam, 80 ; stiffne.ss as a beam, 70 ; suitability as 
a post, 65; shock resisting ability, 140: retention of 
shape, 70: shear, 145: and hardne.ss, 130. The wood 
is chiefly used for ornamental work and carving, 
panels, inlay work, picture frames and turnery. It is 
used also for construction, furniture, spinning wheels 
and ploughs. It is suitable for tool handles and 
cheaper types of guns and rifles (Pear.son & Breuvn, 
I, 311-13: Limaye & Sen, Indian For, Rec„ N,S„ 
Timh, Mech„ 1953, 1, 75 : Limaye. ibid., 1954, 1, 57, 
Sheet No. 16 ; Bor, 267 : Dastiir, U.seful Plants, 169; 
Howard, 485: Industrw Calcutta, 1950-51 , 41, 299). 



FIG. 41-PlSTAaA INTEGERKIMA-FRUITING BRANCH 
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FM.I., Dvhra Dun. Photo : Ratnesh Rao 


FIG. 42-PISTACIA INTEGKHHIMA- 1 RAN.SVERSE SECTION OF 
WOOD (xlO) 

Calls pmcliiml on the loaves and rlic petioles are 
iise<l in medicine and for dyeinjj; and tanning 
purposes. These galls (I.ndian Bazaar.s — Kakra-siti^i, 
karkatasrin^i, kakarashiugi) are |)ale greenish brown 
in colour, horn>shaped, hard, nigo.se and liollow, 
varying in lengih from an average of 3.8 cm. to 
sometimes 30 cm. or more : inner surface is reddish 
in colour. Dry powdered galls have a very astringent 
and slightly bitter taste and a terebinthine odour. 
The galls are aromatic, astringent and expectorant 
and are valued in Indian medicine as a remedy for 
asthma, phthisis and other ailments of the respiratory 
tract ; they are useful in dysentery (I.P.C., 206 ; Kirt. 
& Basil, I, 650). 

I'he galls contain tannins (20-75'’;, ), an essential oil. 
and a rc.sin (5';.,) which is identical with gum mastic 
from P. Icnliscus ((|.v.). The following compounds 
have been isolated from petroleum ether extract of 
the galls: two isomeric triterpenic acids designated 
pi.stacienoic acid A m.p. 175-78°) and 

pistacienoic acid B (m.p. 158-61®), a triterpene alcohol 
(C.„1L,20.^, m.p. i32“33°) probably tirucallol, jS-sito- 
sterol and a waxy compound (m.p. 75-77°). The two 
triterpenic acids are ketocarboxylic and appear to be 


identical with the »- and /^-acids (C.,rtH,,();„ m.p. 
179-80° and 161-62°. respectively) rep()rted in the 
galls by an earlier worker |Chopra & Chosh, Indian 
J. mciL Res., 1929-30, 17, 377 ; Kd wards <•/ aL, Indian 
For. Rcc., N.S., Clinn. & Minor For. Prod., 1952, 1(2), 
153: Venkateswara Rao & Bose, Trans. Bose Res. 
Iniit., i9?6-^7, 21, 23 : Chose, Sci. Cult., 194^ 46. 

II, 

Steam distillation of the galls from Dellii marker 
gave essential oil in a yield of 1.3 per cent. The oil 
was colourless when fresh, turning yellow on keeping 
and had the characteristic odour of the drug. The 
freshly distilled oil had the following jdiysico- 
chemical constants: sp. gr.'*’’, 0.8759: nj;*', 1.4735; 
l“liV • “ *9-5^ ’ -2.1 : acid val.. 19.6: ester 

val.. 2.5 : ester val. after acetylation, 94.7 : hydroxyl 
val., 28.4 : and carbonyl val.. 6.1. 'riie oil contained: 
«-pinene, 25: camphene, 27: t//-limonene, 4-5: 1:8- 
cineol, to : a-terpineol, 20 : and aromadendrene. 
4-5'’,.. Small amounts of lactonic stearoptene and 
caprylic acid were also identified. A sample of the 
dried galls (fnim Agra) on steam distillation yielded 

I. 8 per cent of a light greenish yellow essential oil 
which differed from the above mentioned oil in being 
dextro-rotatory (n.^, + 36°) and containing M-^Z-pinene 
(94",,) as its chief constituent (Karimullah et al., 

J. sd. indnstr. Res., 1944-45. 4^3 * Karimullah cV 

Uma Shanker. ibid., 1946, SB, 60: Baslas 
Deshpande, /. Indian cheni. Soc., 1950, 27, 441). 

The oil is used as a carminative. In m«)derate doses, 
it has an antispasmodic action on involuntary 
mu.scles inhibiting excessive peristaltic movements of 
intestine. It has a depressant action on the central 
nervous sy.stem of guinea-pigs and white rats when 
given in sul)-lethal doses. The animals become deeply 
unconscious in about an hour. Lethal do.ses (ni.l.d., 
o.i cc./ KM) g. lK)dy wt.) cause deep narcosis leading 
to death within a few hours. The oil has a slight 
irritant action on the skin and mucous membrane. It 
shows weak antibacterial and antiprotozoal activities 
(Chopra el al., Indian J. wed. Res., 1954. 42, 3^5)- 

The leaves and bark contain 16 per cent and 8 per 
cent tannins respectively. A sample of bark from 
Jammu & Kashmir contained 14 per cent tannin and 
20.5 per cent non-tannin. The drupes on .steam 
di.stillation yielded 0.9 per cent of an essential oil : 
from the residue were isolated two crystalline com- 
pounds provisionally named pistacin (m.p. 172°. yield 
0.23* n) and pistacinin (m.p. 110°, yield 0.35",.). Leaves 
arc lopped for fodder for butfaloes and camels 
(Edwards et al., loc. cit. : IVj Singh et ah, Indian For., 
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1958, 84 , 571 ; Bhargava. /Voc. hulinn Set. Congr., 
1949. pt rir, 77). 

P. lentiscus Linn. M.xsni: Trke 

D.K.P., Vr(i), 270: C.P., </)2: Zohary. I^eihst, J. 
Bol., Jerusalem Ser., 1950. 5 , 187. 

A variable* i*vt*rgrccn sliriib or a small tree, up to 
4 m. in height, with pinnate leaves and small 
(4-5 mm. diam.) globose black drupes found cliiefly 
in tbe Mediterranean region. It yields mastic resin 
which is imported into India. 

The main .source of supply of mastic is the island 
of Chios in the Aegean Sea, where the mastic 
industry is now well organized. Mastic tree grows 
chiefly in the .south-east corner of the island up to 
an altitude of 5(X> m. : average annual rainfall in the 
area is 73 cm. Propagation is done by cuttings ; only 
male trees are cultivated as the female ones yield an 
inferior resin. The resin exudes naturally from the 
bark but for commercial piirpo.ses, it is obtained by 
making small vertical incisions in it and picking off 
the hardened product about three weeks later. 
Average annual yield of resin per tree is 3.6-54 kg. 
(Mantell, f'eou. Hot,, 1950, 4 , 240 ; Howes, ibid., 
1950. 4, 307). 

Mastic varies in colour and appearance according 
to the commercial grade, but generally occurs in 
globular, pyriform or elongated tears, 4-8 mm. in 
diam., pale yellow*, clear and glassy when fresh, 
becoming dull and brittle on keeping: it has an 
aromatic otlour and agreeable taste. Mastic has the 
following chemical composition: a-masiicoresene, 
30 ; / 3 -mast icoresene, 20 : d-masiiconic acid, 20 ; 
/ 3 -mast iconic acid, 18 : n- and ) 3 -masiicinic acids, 
4 : masticolic aciil, 0.5 : and an essential oil, 2?', ; a 
bitter substance is also present. The colourless 
essential oil. obtained by the .steam distillation of 
mastic (yield 1-3".,), shows a strong bal.samic odour 
and contains a-^/-pinene as the principal ctnistituent 
(B.P.C., 1963, 456; Hoppe, 708: Cildemeister & 
Hoffmann, V, 707). 

Mastic has been used especially in the Medi- 
terranean countries, as a masticatory to sweeten tbe 
breath and to preserve teeth and gums : at present it 
is used in the preparation of chewing gum. It has 
been used also to flavour alcoholic beverages and 
cordials. Mastic (Rnmi-mastaki) has been con.sidered 
carminative, stimulant and diuretic ; its use in 
medicine is now' restricted, though it still enters into 
the preparation of various pharmaceutical products, 
|)erf limes and incen.ses. It is u.sed also as a temporary 


filling of carious teeth and in paints u.sed as protective 
covering for wounds. It is suitable also as a micro- 
scopical inountant. The principal use of mastic is in 
the manufacture of high grade transparent varnishes 
employed for coating valuable art paintings and 
metals, for lithographic processes and retouching 
negatives (How'es, Earn, Rot,, 1950, 4 , 307 ; Uphof, 
284: B.P.C., 1963, 456: 'IVease, 351). 

'^rhe seeds yield over 30 per cent of a fatty oil, with 
a slightly sweet taste and an aromatic odour, and used 
locally for edible purposes and soap making. The 
leaves (tannins, 9-19‘X)) are u.sed for tanning and as 
adulterant of sumac. They also contain myrecetin, 
probably as a gluco.side, and cjuiiiic and shikimic 
acid.s. Essential oils occur both in the fruits and leaves 
(Marcopoulos, /. Amer, Oil Chem. ^oc„ 1965, 42 , i ; 
Kckey, 619: Howes, 1953, 283: Perkin & Kverest, 
448; Chem. Ahslr., 1935, 3^8; 1938, 32 , 9532; 

i960, 54 , 15546 : (^ildemeister &: Hoffmann, V, 
707-08). 

P. vera Linn. PisiAtano 

D.E.P.. VI(i), 273 : C.\P.. 902 : Zohary, Palest. /. 
Hot., Jerusalem Ser., 1950, 5 , 187. 

A small deciduous tree, up to 10 m. in height ; 
branches spreading: leaves imparipinnate: leaflets 

5- 10 cm. X 3-6 cm., lanceolate to broadly ovate, 
leathery : flowers in panicles, minute : drupe oblong- 
linear to globose, laterally compres.sed, 10-20 mm. x 

6- 12 mm.: outer hu.sk variously coloured, readily 
.separating from the dehi.sceni or indehiscent, greyish 
white, bony, keeled nut-shell (endocarp) w'hich 
encloses light yellow to deep green edible kernel with 
a reddish coat. 

P. vera is a native of the eastern Mediterranean 
region, Iran, Afghanistan and Central Asian 
countries : it po.ssibly had its origin in Central Asia. 
It is grow'ii on a commercial .scale chiefly in Italy, 
Turkey, Syria, Iran and Afghanistan and to a lesser 
extent in Lebanon and West Pakistan, mostly for the 
export of pistachio nut : it is also cultivated on a .small 
scale in (lilifornia. Trade varieties of pistachip arc 
named after their countries of origin, i.e. Iranian, 
Afghan, Turkish, Syrian, etc. (Whiteliouse, Econ, 
Rot., 11 , 281 : Ragenal. World Crops, 1962, 14 , 
188). 

Pistachio (iNni.w Tradiv is im|)orted in 

considerable i|uantiiies into India (liable 1), chiefly 
from Afghanistan and Iran : small ipiantities arc 
also re-exported. Pista kernels have a delicious nutty 
flavour and are much u.sed .as ingredients of sweet- 
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TABLE 1-IMPORT OF 

PISTACHIO NUTS 

INTO INDIA 

Year 

Qxy 

Vat. 


(l‘8) 

(Ks.) 

l%(t 61 

1.227,542 

H.638.194 

1961 62 

291,402 

1.9.t2.«40 

1962 63 

46I.7S5 

.t,l6.S,.U5 

196.t 64 

« 1 7,642 

5,653,462 

1964 65 

.\\\729 

4,1 19,793 

1965 66 

1.U..S98 

l,4.tO,7.SO 


meats, confectionery and ice-creams. PIstti is also 
eaten as a dessert : salted and roasted, it is much 
relished. It is considered to he dige.stive, sedative and 
tonic. Fruit husks are reported to he made into 
marmalade in Iran : they arc also used as feriili/er. 
Analy.sis of pistacliio kernels gave the following 
values: moisture, 5.6 ; protein, 19.S : fat, 53.5 : carbo- 
hydrates. 16.2 : lihre, 2.1 : mineral matter, 2.8 ; 
calcium, 0.14 ; and phosphorus, 0.43' V, : iron. 13.7 mg. ; 
carotene (as vitamin A), 240 I.U. : thiamine, 0.67 : 
rihollavin, 0.03: nicotinic acid. 1.4 mg.: vitamin C, 
nil : and calorific val., 626 cal./ 100 g. Nuts and .seeds 
contain pectin (as calcium pectate. (Iry basis). 3.53 per 
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cent (Whitehouse, loc. cit. : Nutritive Value of 
Indian Foods. 65, kx), 130 ; Trehan & Uashir Ahmad. 
/. sci. imluslr. Res., 1947, 

Pistachio kernels yield c. 50 per cent of a low melt- 
ing fatty oil used to a small extent in confectionery 
as spice oil and in medicine. Ordinarily the oil is not 
produced as such because of tlu* value of the nuts 
themselves. The cold pre.s.sed oil is golden yellow 
without much odour, hut the solvent extracted oil is 
dark green and has an aromatic .odour. The oil is 
said to turn rancid easily. The physico-chemical pro- 
perties of the oil arc as follows: sp. gr. J;, 0.918 
0.920; //;;• . 1.467-1.470; acid val.. o. 5-4.0 : sap. val.. 
191-95 » ^4^94 f val., 0.5 ; titre, 13- 16^' ; 

m.p., c. 5® : and unsapon. matter, 0.4-1.0VM ; fatty 
acid composition: myristic, 0.6; palmitic, 8.2; 
stearic, 1.6; oleic. 69.6: and linoleic, 19.8% (lloppe. 
7 <x 9 ; Fckey, 616, 619: Dhingra & llildilch, ]. Sue. 
clirni. I ml., Lund., 1931, 50 , 9T). 

The leaves of P. vera hear small, irregularly 
spheroid galls (Bokhara galls) which have been 
reported to he imported into India for dyeing and 
tanning purpo.ses : galls contain 50 per cent tannins. 
Shikimic acid is pre.seiu in the young and mature 
leaves of pistachio. I'he tree also yields a resin | Howes, 
1953, 266 ; Edwards cl al,, Indian For. Rcc., N,S., 
Chetn. & Minor For. Prod., 1952, 1(2), 153 ; Chnn. 
Ahstr., i960, 54 , 15546; Whitehouse, loc. cii.|. 

P. khinjuk Stocks is a shrub or small tree found 
from western Asia to Chitral and Gilgit in Kashmir. 
It yields hard galls, occasionally u.sed lor tanning and 
dyeing. The leaves are u.sed as fodder for camels and 
hutfaloes and the wood is suitable for furniture and 
ornamental work. P. khinjnk is one of tlie sources of 
Bombay mastic, which is very similar to true mastic, 
hut darker in colour. Bombay mastic is imported into 
India and u.sed as a substitute for mastic: on distil- 
lation, it gives a pale yellow essential oil. P. atlantica 
Desf. var. kurdka Zohary syn. P. irrcbinlhus Linn, 
var. mntiai Aitch. llemsi. and possibly some other 
species of Pislacia found in the Central and the 
South-West Asian countries al.so yield Bombay mastic 
(Uphol, 284 : Mantell, F.cun. Hut., 1950, 4 , 240 ; Dutt, 
Indian Oil & Soap ]., 1961-62. 27 , 9^). 

PISTIA Linn. (Aracaw) 

A monotypic genus of floating aipiatic herbs, 
represented by P. slratiutes, distributed in the tropical 
and siih-tropical Asia. Africa and America. Four 
varieties’ are distinguished. The Indian variety is 
known as var. cuncata Fngl. 
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P. stratiotes I^inn. var. cuneata Engl. Watkk 

LkI'IVCK. TroIMCAL DrCKWK.KI) 

IXE.R, VI(i),' 275: El. Br. Incl., VI, 497 : Kin. & 
Basil, PI. 993. 

IIiNDf — Jdlkliuwhi, lakfilyumi ; Bknc. ; 

Mar. — Prasui, jalatiMtulvi ; Grj. — Jalasham- 

khala : Tki.. AntlmraMlIiamaii, fiiruhudiiki, anthara 
tlumuira : T\m. — A kasa iamarau koditamarm ; Mai.. 

-Akasa thamara, kudapaytd, mutlapay(d ; Kax. - 
Autara Runffc ; Oriya liorajluniji. 

A floating a(|iiatic. srolonifcroiis IutI) found in 
ponds and srrcains almost tliroiigliour India up to a 
hcighl of i,(K)o m. Ixravcs sessile, ovale to ohovate- 
euneate, densely piiheseeni : s|)atlie 2-4 cm. long, 
tiihular at its base, free and spreading above, slightly 
cfuistricted above the middle : flowers minute, sessile 
on a spadix : fruits ovoid to ellipsoid, green, crowned 
by persistent style : seeds few to many, oblong or 
ovoid with a broad top. 

P. stratiotes |)ropagates by seeds or more rapidly 
by stolons. It forms a dense mat on water surface and 
causes serious clogging of waterways ; it is also 
responsible for barljoiiring mos(]uito larvae which 
larry the filarial parasite. It flowers in the hot season 
and fruits appear after the rains. It can be eradicated 
by applying MCPA (0.2”,,) at the rate of 2.2 kg. per 
hectare. Hie plant is jKipiilar for growing in atpia- 
rium I Wilson, /. Arftold Arbor,, i960, 41 , 61 ; 
(/opinath, J. Rooibay oat. Hist, Sov„ 1942-43, 43 , 
664 : Ram Gopal, Indian Fmg, N,S,, 1954-55, 4 (io), 
23 ; Chittenden, fll, 1590I. 

The plant is eaten in parts of trojiical Africa and 
in India, in times of famine. Young leaves are cooked 
and eaten by the Chinese : they are at first insipid, 
but later biting. The plant is said to afford an excel- 
lent food for fishes ; in North Nigeria, it is given for 
ostriches ; in Malaya, the leaves and stems are used 
as a succulent pig food. An analysis of leaves and 
stems gave: moisture, 92.9: protein, 1.4: fat, 0.3; 
carbohydrates, 2.6: fibre. 0.9: ash, 1.9; calcium 
(CaO), 0.20 : phosphorus (PjO.), 0.06 ; and dig. 
protein, 1.2“.,: nutritive ratio, 3.1. They are rich in 
vitamins A and C and also contain B vitamins (FI. 
Egypt, 11 , 360: Burkill, II, 1756-57: Bruggeman, 
122; Dal/iel, 483: Teik. Scl. Srr., Drp. Afrric,, 
iMala\a, No. 24, 1951, 16, 68, 77, 83). 

The incinerated plant yields a saltish ash (pana 
salt) rich in potassium chloride and sulphate. The 
ash is said It) he used for soap making in west tropical 
Africa. Because of its high potash content, the plant 
is also valued as manure. Compost made from the 


plant had: p\\, 7.5; organic carbon, i.3iV<»J avail- 
able nitrogen, 38.08 mg. ; and available phosphorus, 
10.05 nig./ UK> g. (Burkill, If, 1757 ; Bull, imp, lust., 
I^ond., 1917, 15, 283; Dalziel, 483; Singh, Proceed- 
iuffs of loth Session Indo-Pacifk Fisheries Council, 
Seoul, 1962, 141). 

A number of metficinal properties are attributed 
to the plant, particularly the leaves. The plant is 
considered antiseptic, antituhercular and antidysen- 
teric. In Gambia, the plant is u.sed as an anodyne for 
eyewash. Juice of the plant is used by the Mundas 
in ear complaints, 'rhe ashes of the plant arc applied 
to the ringworm of the scalp. The leaves are used in 
eczema, leprosy, ulcers, piles and syphilis. With rose 
water and sugar they are given for cough and asthma. 
Leaves are said to he anthelmintic. Juice of the leaves 
boiled in cocrinut oil and applied externally in 
chronic skin diseases gave relief in a number of cases 
(Chopra. 1958. 598, 601, 605 ; Kiri. & Basil, IV, 2601 ; 
Rama Rao, ^25 ; Koman, 1920. 7). 

PISUM 1 inn. (lA^fruminosae ; Papilionaceae) 

A small genus of soft annual and perennial herbs 
distributed in the Mediterranean region, West Asia 
and North-East Africa. One species, P, sativum, is 
widely grown for its edible seeds and as fodder. 

P. sativum l inn. syn. P. arvense Linn. Pka 

D.E.P., VI(i), 276: Bailey, 1947. Ill, 2490, 2650; 
Mansfeld. 196. 

Hindi ik' Bk.ni;. Matar ; Mar. & Gt j. Watani ; 
'VvA..—Patanlu : Tam. & M.w.,— Pattani ; Kan. - 
Batani, bataffadle. 

All annual herb w'ith hollow' stems ending in 
one or more tendrils : leaves pinnalely compound, 
with auricied stipules : flowers white, bluish or 
purple coloured : pods straight or curved, pointed 
or blunt, 5-10 cm. long with a thick or thin wall : 
seeds 6-9, green, yellow-green, blue-green, white- 
grey, brown or mottled, smooth and rounded or 
flattened and wrinkled, varying in size from 3.5 to 
5.0 mm. 

(Considerable confusion exists regarding the specific 
delimitation of P, sativum. Some authors keep the 
fielil pea as a separate species P. arvense Linn., consi- 
dering it as an intermediate stage of progression from 
w'ild field pea to cultivated garden pea. Others in- 
clude both the field pea and the garden pea under 
P. sativum, as sub-species or varieties, since they arc 
reported to cross sometimes under natural conditions. 
The differences helw'een the two groups are confined 
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to minor characicrs like the luilut of the plant, the 
colour and si/e of (lowers and seeds. Tn general, the 
garden pea is scandenr and more robust than the field 
pea and hears while (lowers and white, greenish or 
yellowish seeds, which may he round or wrinkled 
and angular. There are two major groups of garden 
pea, those grown for seeds (Shelling Peas) and those 
grown for edihle pods (Sugar Peas). The latter have 
large, soft pods, lacking the stiff transparent inner 
membrane, so that the entire tender pod can he eaten 
like French beans. The field pea generally bears 
bluish or purple flowers and angular and marbled 
seeds, which may be grey, brown or mottled. These 
differences are not absolute ; there are types of garden 
pea with dwarf habit and coloured flowers anti types 
of field pea, with vigorous habit and white flowers. 
Based on the above mentioned characters, P. sativum 
sensu lato, is classified as follows: subsp. sativum 
convar. sativum, the Garden Pea {Gol matar or 
Kabuli matar) : subsp. sativum convar. spcciosum 
(Dierb.) Alef. (syn. P, arvensc Linn, and P. sativum 


var. arvense Poir.), the Field Pea {Dcsi matar) ; and 
subsp. sativum convar. axiphium Alef., the Sugar 
Pea (Ziikovskij. 23 : Lehmann, Zucliter, 1954, 24 ^ 
316; Howard ct aL, Menu Dep, Agr/c. India, Hot,, 
1910, 3 , 303). 

Cultivated pea is of great antitpiity and the 
evidence of its cultivation in Kiirope has been traced 
to the Bronze Age. No wild types of garden pea 
are known, but undoubted wild types of the field 
pea are recorded in the siil>alpinc regions of (Jeorgia 
in U.S.S.R. Some of the.se wild types belong u» the 
species P, elatius Steven., a weed found growing 
among grain crops and distributed from Europe east- 
wards to Central Asia and .southwards to Ethiopia. 
Other closely related species found wild are P, 
fulvum Sibth. et Sm., and P, syriacum (Berger) lA^hm. 
.syn. P. humile Boiss. et Noe, non Miller. It is 
believed that the cultivated jieas, garden pea as well 
as field pea, have originated l)y hybridization among 
.some of these species and by their hack -crossing and 
mutation, in tlie various regions. F«)ur centres of 
origin arc recognized, of which two are cemsidered 
primary ; one is the Mediterranean region, charac- 
terized by types with predominantly large pods 
and seeds and the other North-West India and 
Afghanistan, characterized by smaller fruits and 
.seeds, bur pos.sessing valuable properties, like speedy 
maturation and resi.stance to drought (Vavilov, 31- 
33, 35, 37 : Vavilov, 1957. 57 ; Crane & Lawrence, 98 ; 
Mansfeld, 196 ; Ziikovskij, 23). 

There are very few vegetables which have deve- 
loped greater varietal differences, affecting their 
horticultural and culinary values as the peas. Peas 
are one of the earliest crops, with which controlled 
breeding work has been undertaken for the produc- 
tion of improved types and it is the work on this crop 
by Mendel, that has led to the foundation of the 
modern .science of genetics. All the forms of culti- 
vated pea .so far studied have 211^14 chromosomes, 
although a few tetraploid forms are also known. 
Exten.sivc hybridization has been carried out mostly 
between varieties, and inheritance of pod, seed and 
plant characters has been investigated. It has been 
shown that the number of independent factors and 
groups of factors exceeds the number of chromo- 
.somes and the linkage value for given genes varies 
considerably. Eight linkage groups have been recog- 
nized. It has been founci that in addition to their 
morphological variations, great variations also exist 
in the protein content of the seeds in different types, 
.and these types though morphologically homozyg- 
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ous have been found to ])e heterozygous for their 
protein content. Resistance to fiisariiim root-rot is due 
to a single d’ominant gene and types originating in 
India and some other countries like Kthiopia and 
Turkey are said to be resistant to this disease. The 
inheritance of resistance to several other diseases like 
mildew, damping off and mosaic, and to pests like 
aphids has also been investigated (Wade, Ycarh. 
/IgriV., ILS, Dcp. Agric., 1937, 251 : Crane (k 
Lawrence, 99: Yarnell, Bot, Rev., 1962, 28 , 465).. 

A large number of types of pea have been evolved 
by breeders in Kngland, Murope and America. The 
early peas were smooth seeded, mostly tall, small 
podded and late maturing types ; strains with 
wrinkled seed and larger pods were obtained later, 
tlie (juality of sweetness being brought in along with 
the wrinkled character of the seed. Breeding work 
has been mainly in the direction of evolving types 
characterized hy sturdy vines, larger pods, higher 
yields, better (piality, early maturity, and resistance 
to diseases. With the advent and popidarization of 
canning, separate types have been evolved to suit the 
industry, as distinct from the market garden type.s. 
Attempts are being made to develop types especially 
adopted to preservation by freezing. A number of 
tyjies have been evolved which are resistant to some 
of the diseases like f(K)t-rot and wilt caused by 
Fustirium sp., mildew caused by Erysiplic, damping 
off caused by Pythiinu sp., an<l to virus diseases ; 
types re.sistant to insect pests and cold have also been 
developed (Crane & Lawrence, 97 ; Wade, loc. cit. ; 
Richharia. 204). 


A very large number of types of the garden pea 
are under cultivation and these have been variously 
classified. They can be divided into five main groups 
according to use or they may be separated into two 
main classes, based on tlie character of the seed coat, 
which may be either smooth or wrinkled : and ihe.se 
groups are further classified as dwarf, semi-dwarf, or 
climbing and again on the basis of the colour of the 
.seeds, as green or while, and according to season, as 
early, midseason or late. I'he choice of types for culti- 
vation in any locality depends on these characters as 
well as others, such as the length of time taken by the 
crop to ripen, yielding capacity, shell-out percentage or 
relative weight of peas and pods, resistance to disca.ses 
and lastly the taste, flavour and colour of seeds 
(Bailey, 1947. 2490 : Bell. 108 : Wade, loc. cit. : 

JcKshi, S. N.. Thesis, No. 512, Indian agric. Res. Inst,, 
Nezv Delhi, 1954 : Sneddon & Sipiibbs, /. nal, Inst, 
agriv, Bot„ 19^8. 8, ^78 : Singh, Indian J, Hart,, 1954, 

11,113). 

The cultivated peas of Uttar Pradesh, the most 
important pea growing Stale in India, are placed in 
three broad groups, viz. desi peas, white peas, and 
table or garden peas. The major parr of the crop is 
said to be generally a mixture of white and desi peas, 
the garden peas being of importance only near tbe 
larger cities and to .some extent in Kiimaun hills. 
Though the desi peas are not superior in yield to the 
white peas, they are preferred by the farmers as they 
are not much damaged by birds. A number of types 
of the garden peas are being grown in different Stales 
and many new types have been introduced from 
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abroad. A few selections have also been made of 
garden peas as well as field peas, for their desirable 
characters. Table i siimmari/es the types grown in 
different States and Tabic 2 the characteristics of 
some important types grown or recommended in 
different Stales (Mehta, Agr/c. Anim, Hush., Uttar 
Pradesh, 1955, 6(2 & 3), 6, 32]. 


TABLE 1- 

-IMPORTANT TYPES OF PEA 
DIFFERENT STATES 

CULTIVATED IN 

Stiito 

types 

Centres of 
puKliiction* 

Assam 

Darjectinii;, Desi 

Shillong 

nibar 

nK-2. 12, 118 & 178, Desi, 
N.P. 29, Teteplione 

Patna, Ranelr 

Maclliya 

Pradosli 

IX'si, Indore Wrinkled, 
Kba|}jirkbecla, N.l*. 29 

Nagpur 

Madras 

Desi, Duke of Albany, 
Karly Cianr. Marrowfat. 
Peerless, Radio 

Nilgiri hills 

Maliarashtra 

Desi, P<Mma Ixical, Wai, 
No. 23 & No. 43 

Poona, Nasik 

Mvsnrc 

naii|*alore l.oeal, Maii^'c- 
tout!, Teteplione 

ttelgaum, Bangalore 

Pun jab 
llimacbal 
Pradesh 

Desi Kanna (I.ucknow 
Honiya), Do Fiitta (Kir- 
pan, Lincoln, or (!reen- 
feast), Karly Diani, 

Karshi, Hara Itaiina 

(C’.bina), Liitle Marvet, 
IM.D., P-8 (Premium 
Cem), P-35 (I'erpctual), 
Simla (Kannauri), Kali 
N.’i^iri 

Amliala, thishiar- 
pur, Attari, 
Amritsar, Hill 
Districts, Simla, 
High A’ medium 
ele\ations, C'.hini 

roar 

Pradesti 

.\mericaii NN'onder, Blue 
Bantam, Desi 'FyiN's 

(Burhea, Datila, itaj- 
matiali), Karly Bi'id^er, 
Karly Dcceintier, First 
to Report, ttuiidredftdd, 
Kalianpiir White, Iaiii^ 
Marrowfat, Lineoln (Da 
rantia Kaip), Lneknow 
Boniya. 'I'bomas T.axton, 
Telephone, N.P. 29 

(Karnal Pea), Tv|hs 17. 
IK, 19, 56, 61 & 163 

Allahab.'id, 

I.iieknow, 

.Mirrijt, 

Naini Tat 

West lU'ii^al 

Alderman. Desi, Marrow- 
fat 

Darjeeling 

nethi 

Asauji. Bonneville, Desi 
ttaiina, Detwielie Com- 
mando. Karly Badger, 
Karly Perfeetion, Early to 
Report, Little Marvel, 
Lineoln (Darantia Kaip\ 
N.P. 29, Sylviaf 

Iklbi 


* Kclaliiif; tnaiiily to green peas, 
t Sugar pea reecnninenclcd for edible {mkIs. 


CUL'IIVA'I'IO.N 

Pea is grown as a garden or field crop tliroiighout 
the temperate regions t)f the world or as a cool season 
crop or hilly conniry crop in the tropics. Some (»f the 
important countries where pea is grown in large 
areas are: China. U.S.S.R., India. LJ.S.A., Kthiopia 
and Congo, the first three accounting for more than 
three-fourths of worltl production (Table 3). 

In India, ihe crop is grown on a field scale for its 
dry seeds and on a smaller scale for green peas near 
the larger cities and towns. The most iin|)ortant State 
cultivating pea on a field scale is Uttar Pradesh, 
which includes about 83 per cent of the total area 
under this crop in the country, followed far behind 
hy Bihar (6.8%). Madhya Pradesh (6.7%,) and others 
(Table 4). 'Fhe chief producing districts of Uttar 
Pradesh arc: Aligarh, Basli. Azatngarh, Buland- 
shahr, Meerut, Gorakhpur, l^ii/abad, JCtah, Main- 
piiri, Ktawah, Allahabad, Deoria and Gonda, which 
together include about half the total area under this 
crop in the country. 'Fhe districts of Monghyr, 
Shahabad, (ilaya and Saran in Bihar, Manrlla and 
Narasinghpur in Madhya Pradesh, Poona, Satara 
and Kolhapur in Maharashtra, and Gtirgaon in 
Haryana have also large areas tinder this crop. 

Statistics of area and production of green pea 
grown as vegetable on all-India basis are not main- 
tained, but data collected hy the Directorate of 
Marketing and Inspection, for 1961-62 show that 
Uttar Pradesh again leads in tlie cultivation of green 
peas with 44.3 per cent of total area and 45.9 per cent 
of production, followed hv Bihar with 15.9 per cent 
of the area and 13.1 per cent of jmxliKtion, while 
Pun jab, Haryana, West Bengal, Maharashtra. 
Rajasthan, Delhi and (hijarat follow far behind 
(Table 5). ^riie chief cultivating districts in the several 
States are: Saharanpur, Varanasi. Allahabad. (Gorakh- 
pur, Btilandshahr, Bareilly, Meertit. Lucknow, 
Kanpur. Mathura. Naini 'I’al, Almora and Debra 
Dun in Uttar IVadesh ; Ranchi. Hazarihagh, Gaya 
and Patna in Bihar: Amritsar, Hoshiarpur, Patiala 
and Jullundtir in Punjab : Curgaon and Ambala in 
Haryana; 24-Parganas. Hooghly. Darjeeling. 
Miirshidabafl, Burdwan and Nadia in West Bengal : 
Nasik. Poona, Satara and Sholapur in Maharashtra ; 
Kotah and Sawai Madhopur in Rajasthan ; Baroda, 
Kaira and Surat in Gujarat : Bangalore, Kolar, 
Belgaum in Mysore : Mahasii in Himachal Pradesh ; 
Khasi-Jaintia hills and Kamrup in Assam : and the 
Union Territory of Delhi (rnformation from the 
Directorate of Marketing' and Inspection, Nagpur). 
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TABI.E 2-CIIARACTERISTlCS OF IMPOR l'ANT TYPES OF PEAS GROWN OR RECOMMENDED FOR ClJl TIVATION IN INDIA* 


Type 

Habit and growing periinl 

CTiaract eristics of 
{mkIs and seeds 

Remarks 

Asaiiji 

l^warf, lip to 40 em. in height : 
early, sown from mid -September ; 
|mk1s ready in 60 65 days 

Ik'ars 5 7 pods |H‘r plant : seeds 
niiitid Hi plump, bluish green ; 
shell out |H*rcentagc 40 

Select itin frtmi Itical Hara Bauna or 
(Tiina 

Karly Badger 

Dwarf: sown in early October; 
pods ready in 60 65 days 

Pods well filled, borne mostly 
singly ; seeds wrinkled, sweet ; 
yields up to 8,600 kg. ha. of |iods 
<ir 1,8(M) 2,850 kg. ha. of ilry 
|)eas ; shell-out |K'rcentage 40 

Intnuluced from America ; suitable 
for canning ; grown in Uttar 
Prailesh & Delhi 

Knriy Criaiii 

T all ; sown in early October ; |Mids 
readv in 60 -(i5 days 

Pods big, deep green ; seeds wrink- 
led. sweet : yield of pods c. 7.250 
kg. ha. 

Kectimniended ftir hills ; .suitable 
for canning ; grtiwn in Madras & 
Punjal) 

Bf}iiiic'\ ilk' 

Medium tail : snitabic for main 
season crop ; sown in Oc'lolx'r ; 
conies lo har\esl in 85 MKl days 

l*rolific iK'aring ; seeds wrinkled, 
very sweet ; yield of dry peas 
2,460-3,850 kg. ha.; shell-out per- 
centage. 48 

IiiirtKliiced from America ; less 
susceptible to wilt : suitable for 
canning; grown in Delhi 

Sylvia 

Tall, slender stemmed ; suitable for 
main season ; sown in October ; 
pods harvested after r. 95 days ; 
does best when staked 

P«h1s soft, curved, without the inner 
parchment-like layer and can be 
consumed as such ; a 40 m. row 
of staked plants yielrls c. 30 kg. 
of |mmIs 

Intrfuliiced frtim Swetlen : grtiwn in 
Delhi for pods 

Lillie Mar\el 

Dwarf ; early t\pc 

P<kIs medium sized, thick, well- 
filled : si'cds sweet, wrinkled 

Suitable for canning ; grtiwn in 
Punjab ft: Delhi 

Kiniiauri (Simla) 

Kathcr tall: sown in October: 
comes to harvest in April and con- 
tinues to May 

Pods of gootl size, u.sually borne 
singly ; scetls stnooth and white 

Cbowii in Simla hills, Ambala, 
(Tiini regitin of Himachal Pradesh, 
ft: Naiiii T'al (Uttar Pratlesh) 

IJiieolii 
(C«rceii-l'easl, 
harantia Kaip, 
Kirpan, Do 

Fill la) 

Dwarf to medium-tall : suitable for 
early sowing; comes lo hanesi in 
100 days 

Pods dark green, sickle sha{K‘d : 
scetls rather .small, nrinkled 

liitnidiiced from U.K. ; grown in 
ITtar Pratlesh. Delhi & Punjab 

Liieknow Boiiiya 
(l)esi Banna) 

Dwarf; early type 

IVhIs short, usually borne singK ; 
seeds while, smooth 

Utimiiitinly grtiwn around Meerut, 
l.iicknow (Uttar Pradesh) ft' 
Ambala 

Delwielie C\»in- 
iiiaiido 

Medium-tall ; suitable for main 
crop; sown mid-October to mid- 
November ; comes to harvest in 
80 85 days 

Ptids generally borne dt)ub1e ; seeds 
wrinkled; vielils up to 15,000 
kg. ha. of 'iMxIs or 1.800 2,200 
kg. ha. t»f dry |)eas ; shell-out 
IKTceiitage 45 

Inlrtulucetl from America ; grtiwn 
in Delhi 

N.l>. 29 

Tall, mid season tyfie ; can be sown 
as late as mi<l-I)ecemlM'r ; comes 
to harvest in 100 days 

P(kIs long; .seeds wrinkled and 
sweet ; yield of dry jK'a.s 2,700 
2,900 kg. ha. ; shcll-*»ut perceiil.ige 
50 

Relea.setl by ihe Intliaii Agricultural 
Research Institute, New Delhi ; 
grown in Uttar Pradesh, Bihar, 
Madhva Pr.itlesh Hi Rajasthan 

Type 56 

Dwarf; can be smin as late as mid- 
December ; conies to harvest in 

75 days 

Pods green ; seeds highly wrinkled, 
greenish while, sweet ; yield of 
|N)ds c. 7,2.50 10.(N)0 kg. ha. 

Develo|)cd in Uttar Pradesh as a 
ertiss belween N.P. 29 and Type 18 

Type 61 

Moderate growth ; iMids ready for 
picking in 80 85 days 

Seeds light green Hi sweet to taste ; 
yield of pods t. 9,200 12,000 
kg. ha. 

A cross of T’ype 20 with N.P. 29 
fleveloped in Uttar Prade.sh 

Type 163 

Siiiiable for both early and late 
sowings 

Scetls white, bold A' snmoih ; yieltl 
of dry peas c. 2,460 4,100 kg. /ha. 

Si-leciitiii frtini Uttar Pradesh ; culli- 
\ated for table as well as for dry 
|x*as 

Type 19 

Medium in maturity ; comes lo 
harvest in 75 days of sowing 

Seeds highly wrinklctl, greenish 
white, exceptitinally fine in taste : 
viekl of pods c. 8,2.50 10,000 
kg. /ha. Hi Yield of drv peas 
r. 1,750 2,200' kg./ha. 

Selection from Thtimas Laxton ; re- 
commended for cultivation as 
table pea in Uttar Pradesh 
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TARI.K 2 — Contd 


Type 


Ilaliit and growing period 


C'haraeterisiifs of 
|M)ds and seeds 


Remarks 


Early Dcccmlier Dwarf, early type ; sown in iiiid^ Seeds wrinkled 
October ; conics to harvest in 55 
days from sowing 


l)evelo|K*d in IJllar Pradesh as a 
cross iHrtween Ty|)c 19 and Early 
Ikiflger: recommended fiir western 
Ihtar Pradesh, plains of Piinjah. 
Delhi, Rajasthan northern 

Madhya Pradesh 


P.I.D. 


P-8 (Premium 
Gem) 


Dwarf, early type ; s(mn by first 
week of Scptcml)er ; first picking 
in c. 45 days after sowitig 

Mcdiiiiii-tall, early type ; conies to 
harvest in c. 56 days after sowing 


Seeds siikmuIi ; yield of |)ods 
c. 2,H(K) 5,600 kg./ha. ; shell-out 
jiercentage 50 

Seeds wrinkled, green ; yield of |Kuls 
7,250 9,250 kg./ha. ; shell-out per- 
centage .S6 


A selection from a loeal ty|H‘ of 
peas from lloshiarpur (Puiijab); 
suitable for plains 

Introrliiced from U.S.A. ; grown in 
Pun jab : suitable for the hills 


P'35 (IVr|ietiial) 


Dwarf, mid-.sca.son type ; takes about 
98 days after sowing to come to 
harvest 


Sectls wrinkled, green ; yield of ptuls 
8,250 10.(MM» kg./ha.'; shell-out 

|jcrcentage 52 


Iniroduccd from G.S.A. ; grown in 
Punjab ; .suitable both for plains 
and hills 


* Singh A: Sikka, Indian Fnif^t N.S.^ 1954 .S5, 4(9), 25 : Kalya 1 A: Siibharwal, Indian I fort. ^ 1961 62, 6(1 )• 15; Pathak A' Sahai, 
ibid., 19.SS 59, 3(4), 25; Singh, /Igric. Anini. Ifnsh.^ Uttar Pradesh, 19.'i5, 6(2 & 3), .S9 ; Milne vt al., 90; Piirewal, Farm Hull., 
No. .56, 1957, M ; -Igric. Markctini* India, Hrovhure Marketittf* ilrvcn Peas in India, Marketing Ser., No. 127, 1960, 6 7 ; Wakankar 
& Mahadik, Intlian Fniff, N.S., 1961-62, 11(5), 8; /Igr/c. Res., I%2, 2, 6, 77 ; Anmi. sei. K<7». Indian rtgric. Res. Inst., 1956 57, .54. 



TABLE 3— AREA AND PRODUClfON OF DRY PEA.S IN MAJOR PRODUCING COUNTRIES* 



Gountry 

Area 

(thoiLsand hectares) 



PrrKliiction (thousand tonnes) 


*1961 1%’ 

1963 

1964 

1965^ 

1961 

1962 

1963 

1964 

1965 

China 

3,250 3,300 

3,400 

3,400 

3,4IK1 

2,8(K1 

2.9IM) 

3,000 

.1,100 

3,100 

II.S.S.R. 

1,969 4,323 

7,768 

7,7.SO+ 

4,9.S0+ 

2,182 

.5,274 

6,4.50+ 

8,.)80+ 

4,575+ 

India 

1,177 1,258 

1,325 

1,300 

1,122 

l,0.S0 

1,103 

1.026 

670 

926 

U.S.A. 

136 I.I9 

127 

120 

<>0 

161 

2.10 

222 

221 

185 

Ethiopia 

122 124 

126 

127 

127 

NO 

112 

113 

115 

117 

Congo 

I20t 125+ 

1 28 1 

130f 

1.10+ 

66t 

68+ 751 

80+ 

801 

Others 

871 919 

947 

920 

930 

924 

985 

1,017 

1 ,009 

1.102 

World 'Potal 

7,645 10,188 

M,82l 

1.5,747 

10,749 

7,293 

10,672 

11,903 

13,575 

10,085 

♦/Vw/. Yearh. FAO, 1966, 20 , 144. 


+ FA() e.siiniale. 







TABLE 4— AREA 

AND PRODIK-TION OF FIELD IM-A 

(DRY) IN 

INDIA 




niiiii' 

Area (thousatul hectare.s) 



PrcHliiclion (thou.sand lotines) 


1963 64 

1964 65 

1965 66 

1966 67 

1963 64 

lOfvl 65 

1965 66 

1966 6/ 

Uttar Pradesh 

1,095.9 

920.7 

906.5 

916.5 

593.0 


840.6 

724.5 

601.4 

Kihar 

79.4 

74.4 

79.1 

n.a. 

37.6 


41.1 

4.5.0 

n.a. 

Madhya Pradesh 

70.9 

69.4 

68.8 

62.9 

18.3 


19.4 

16.7 

12.7 

Punjab 

10.5 

16.9 

12.5 

13.7 

3.8 


3.7 

3.7 

4.7 

West Rengal 

16.1 

12.7 

9.4 

9.3 

8.1 


4.9 

5.5 

4.1 

Maharashtra 

9.5 

9.9 

8.9 

10.2 

3.2 


3.6 

2.2 

2.8 

Rajasthati 

4.4 

4.1 

5.3 

5.0 

1.8 


2.4 

2.4 

2.5 

Assam 

3.9 

4.0 

4.5 

4.4 

0.9 


1.0 

1.1 

1.1 

Himachal Pradesh 

0.4 

0.5 

0.1 

0.4 

0.1 


0.1 

0.1 

0.1 

Total 

1,291.0 

1,112.6 

1, 095.1 

1,022.4 

666.8 


919.8 

801.2 

629.4 





n.a.- -not available. 
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TABLE ^-ESTIMATED AREA AND PRODIJCriON OF GREEN PEAS 
IN INDIA* 

(1961 62) 


St;Uc 

Area 

(luTiares) 

l>er 

eenlage 
of total 
area 

Produr- 

lion 

(lomie.s) 

Per- 
centage 
of total 
pnMluc- 
tion 

Av. 

yield 

|H*r 

hectare 

(tumics) 

l'!t;ir Pr.idcsh 

16,900 

44..1 

7S..170 

45.9 

4.6 

Bihnr 

6,070 

15.9 

22,590 

13.1 

3.6 

Piinjal) 

.1,510 

9.2 

19,420 

11.4 

5.5 

Wfs! Hcngal 

.1,010 

7.9 

l.I,.D0 

7.8 

4.4 

Maliiirashtr.1 

2.200 

5.8 

8,150 

4.8 

3.7 

Kajastliaii 

t.570 

4.1 

8,700 

5A 

5.5 

Delhi 

1,480 

.1.9 

6,810 

4.0 

4.6 

Gujarat 

1.200 

.1.2 

4.4.SO 

2.6 

3.7 

Mysore 

640 

1.7 

2..S60 

1.5 

4.0 

Mimachal 

Pradcsli 

610 

1.6 

.^..^60 

2.0 

5.5 

Assam 

.120 

0.8 

740 

0.4 

2.3 

Jammu & 
Kashmir 

ISO 

0.5 

1,010 

0.6 

5.6 

Andhra Pradesh 

ISO 

0.5 

690 

0.4 

3.8 

Madras 

160 

0.4 

600 

0.4 

3.7 

Olliers 

90 

0.2 

90 

(a) 

1.0 

'Pol At. 

.18,120 

100.0 

170,710 

100.0 

4.4 


* Data ohtaiiu’d from the* Dirccioraic of Markcliiifi; and Inspec- 
tion, Ministry of JmmkI & Aj^riculture, (iovt. of India, Nagpur, 
(a) Negligible. 


Climate — J\*a is adapted to a temperature range of 
7-24”, with an optiininn range of about 21”. The field 
pea is grown almost exclusively as a rahi or cold 
weather crop in the plains of northern India and as 
a kharif crop on the hills, between June and October. 
Oarden pea is also grown mainly during winter in 
the plains and during spring and summer in the hills. 
Garden pea yields best when the crop matures under 
fairly cool climatic conditions. Hot dry weather 
interferes with seed setting, lowering the ipiality of 
pods. IVas grow best in regions where there is a slow 
transition from cold to warm weather. Seeds can 
germinate at a minimum of 5". In the southern parts 
of the country, it is sown in plains from October to 
December : on the hills it is sown from March to 
end of May and as a second crop in autumn. I’hc 
main crops of field pea are sown in September- 
November in the plains. There arc early, medium 
and late maturing types and the best method of 


obtaining a succession of peas is to sow all of them 
early, at about the same time. Karly sowing is said 
to be of greater importance for the late maturing 
types than for (|uick maturing ones and generally 
late sowings yield less [Roberts & Kartar Singh, 363 ; 
Agricultural and Horticultural Seeds, 277 ; Purewal, 
Farm Bull,, No. 36, 1957, 34-41 ; Choudhury, 113; 
Mehta, /Igr/c. Auhn. Hush., Uttar Pradesh, 1955, 
6(2 & 3), 9 : 'riiapar, 196 ; Gopalaswamiengar, 544 : 
Thompson & Kelly, 463]. 

Soil — ^Thc field pea is generally grown on loams and 
clay loams. The garden pea can he grown on a variety 
of soils, from light sandy loam to heavy clays. For 
a very early crop sandy loam is desirable, but where 
large yield and not earline.ss is important, a well 
drained clay loam or silt loam is preferred. Where 
facilities for irrigation exist, the texture of the soil 
is of little importance so long as the soil is well 
drained. The crop <loes not thrive on a highly acid 
soil, the desirable range being pll 5.5 to 7.5. In soils 
below /)H 6.6, addition of an adecjuate amount of 
lime is necessary (Purewal, loc. cit. : Choudhury, 113). 

Manuring-’-A thorough preparation of the soil is 
usually reijuired for peas, as othcTwise germination 
of the seeds may be uneven and wide variations may 
occur in maturity at harvest lime. The coarser types, 
such as field peas, do not receive such a careful pre- 
paration of the land as the garden peas. Well-rotted 
farmyard manure at 20 cartloads per hectare may be 
applied to the crop, but it is often applied to the 
preceding crop. Trials at Pusa (Bihar) have shown 
that where the crop is irrigated, an application »)f 
22.5 kg. of nitrogen and 67.5 kg. of phosphorus per 
hectare is beneficial. Investigations conducted in 
Delhi show that rock phosphates are not as effective 
cTs superphosphate or bone meal, in stimulating 
nitrogen fixation, though their use can be recom- 
mended where available. In the case of the rainfed 
crop, the response to fertilizers is varied. In trials 
conducted at Pusa (Bihar), application of nitrogen 
gave no significant response and at 22.5 kg. per 
hectare had even a tendency to depress the yields. 
With regard to application of phosphates, the 
response varies with rainfall and also with the dilTe- 
rent types cultivated, various doses applied and 
mode of application. Application of pho.sphates not 
only increases yield and (piality, but also favours 
nodule formation. Potassic fertilizers are said to have 
good effect on yield and nitrogen fixation. The 
entire dose of fertilizers should be applied at the time 
of sowing. Application of fertilizers by broadcasting 
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or in direct contact with seed is said to result in 
knver yields, than those obtained when the fertilizers 
are placed in hands about 1.5 cm. to the side and 
2.5 cm. deeper than the seed. Under soil conditions 
where molybdenum naturally present in the soil is 
inaccessible to the crop, application of granulated 
superphosphates enriched with microdoses of molyb- 
denum is said to he beneficial | Mehta, loc. cit. ; 
Indian Fnig, N.S., 1961-62, 11 (S), ^^3 ; Vyas, /. Indian 
S()L\ Soil 5 n., 1953-54, 4 * • Vyas & Desai, ibid., 

1953-54. 1 , 32 ; Sharma & Misra, Indian J, /I grow., 
1960-61, 5 , 256 ; Singh, Allahabad Fmr, 1959, 33 , 55 ; 
Panikkar, Fcrtil. News, 1963, 8(8), 20 ; Choudhury, 

1 14 ; Bour vt al, Bull, Wash, a^ric, Exp, Sta,, No. 504, 
1948 ; Sci, & Cult,, 1958-59, 24, 421]. 

Sowing —The field pea is grown either pure or often 
mixed with wheat, barley, oar, or mustard. Garden 
pea is usually grown pure. The field pea is generally 
broadcast at the rate of 67-90 kg. per hectare and 
then covered with soil by planking or harrowing, 
l^he garden pea can he sown on flat as well as raised 
beds, though the latter method is preferred for eflect- 
ing economy in irrigation water. The width of the 
beds varies in accordance with tlie time of sowing 
and the ty[)e, being about 60-70 cm. in the case of 
dwarf and early types and 90-150 cm. for the main 
season crop. I'he seeds are dibbled 2-4 cm. deep 
near the edges of the bed, at a distance of 2-4 cm. for 
early ty[)es and 5-6 cm. for others. About 80 kg. of 
seed is re(|uired to plant a hectare for early types, 
where the seed is small and 90 kg. where it is large ; 
in the case of main season types, 62-67.5 kg. is 
re(|uired. In types with wrinkled seed, the seeds are 
preferably soaked in water overnight before sowing, 
to hasten germination and ensure a uniform stand. 
To reduce root-rot, particularly in early sowings, seeds 
may be treated with Spergan or Arasan | Mehta, loc. 
cit. ; Singh & Sikka, Indian Fmg, N.S„ 1954-55, 4(9), 
25 : Katyal & Sabharwal, Indian Ilort., 1961-62, 6(1), 
15 : Choudhury, 1 14]. 

Inoculation of the seed with the root nodule 
bacteria is recommended, particularly where peas 
arc planted for the first lime on land not previously 
sown to leguminous crops or where the crop is to be 
grown on a poor soil. Investigations on the failure of 
peas in goradu soils of Gujarat have shown, that the 
population of the pea rhizobia gets reducetl, due to 
the higli temperatures that obtain in the.se areas 
during summer months, so that there is insufficient 
nodulation in the succeeding pea crop. Inoculation of 
the seed with the specific bacterium is reported to be 


beneficial in such cases (Purcwal, loc. cit. ; Vyas & 
Prasad, Froc, Indian Acad. Sci., i960, 51B, 242 ; 
Thompson & Kelly, 462 : Katyal Sahharwal, loc. 
fit.). 

Cultural operations — ^Where the crop is irrigated, 
irrigation is given once in 8-10 days till the weather 
cools down sufficiently and less fre(|ucntly thereafter, 
llie crop should not be starved of water when the 
pods are developing, or during frosty weather. Inter- 
culturing can be (lone after each watering till the 
plants arc fairly well grown. Tall types of garden pea 
grown for vegetable are provided with some support 
.stuck upright, in between adjacent rows. Leading 
shoots may be pinched off to check the growth of the 
vine and to concentrate the energy of the plant to 
form full pods (Singh & Sikka, l(x:. cit. ; Milne ct al„ 
90 : Thapar, 197 : Gopalaswamieiigar, 545). 

Diseases and Pests — A large number of fungi and 
bacteria have been recorded infecting field and 
garden peas, causing serious damages to plants, pods 
and seeds. In India, some of the im])ortant diseases 
reported are wilt, mildew and anihracnose. Wilt 
caused by a biotype of Fusarium orthoccras Appel. 
& Wollenw. var. pisi Linford |syn. F. oxysporum f. 
pisi (Linford), Race /, Snyder & Hansen] is said to 
be common in Poona district, causing serious damage 
to garden peas. The fungus does not infect plants 
other than peas and all wilt-resistant American and 
Dutch pea types are .said to have proved susceptible. 
As the di.sea.se is favoured by a higli temperature, it 
is said to be more serious in warmer areas. Late 
sowing, avoiding .sandy soils, manuring the soil liber- 
ally with cattle manure to improve its water holding 
capacity, and keeping the temperature of the soil low 
by irrigations at suitable intervals are recommended. 
AfTected plants should lx* carefully dug out and burnt 
{Agric. Ilandb., U.S. Dcp. Agric., No. 165, i960, 267 ; 
Sukapurc ct al., Indian Phytopath., 1957, 10 , 1 1 ; 
Purewal. loc. cit. : Harter et al., Fmrs' Bull. n.S. Dep. 
Agric., No. 1735, 1957. II : Brooks, 396). 

The crop is sometimes subject to powdery mildew 
caused by Erysiphe polygoni DC. emend. Salm. This 
is said to be common in the mountainous and sub- 
montane tracts of Punjab ; it attacks other crops like 
cucurbits, wheat and barley. The disease appears late 
in March in plains and in October in the hills. It is 
said to be particularly destructive if the crop is in- 
fected at the time of pod formation, considerably 
reducing the yield. Dusting with sulphur or spraying 
with ultra sulphur is .said to give effective control 
I Purewal, loc. cit. ; Paracer & Bedi, Indian Fnig, N.S., 
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i(/)i- 62 , 11(8), 27 ; VasiuU-va, ibid., 1956 -57. 6(7), 45 ; 
Harter ct aL, loc. cit. : Butler & Jones, 456 ; Brooks, 

* 3 *]- 

Anthracnose caused l)y Collctotrivhuni pisi Pat. 
has been reported from Maharaslitra. Brown or 
reddish brown lesions are found on all aerial parts of 
the plant which are infected. Leaf and pod spot 
caused by Ascochyta pisi Lib., f<K)t-rot caused by /I. 
pinodclla L. K. Jones, leaf spot caused by Ccrcosporu 
pisi-sutivtuf Stevenson, downy mildew caused by Pero~ 
nospnni pisi Syd., collar rot caused by Pylhium .sp., 
anti rust caused by Pyihium sp. and by Uromyves 
fahae (Pers.) tie Bary are other diseases reported on 
the pea crop in this country. Kpicocciim purpurascens 
Khrenb. has also been reported on the leaves of the 
pea (Butler, Bisby & Vasudeva, 431 : Wilson, Poona 
agric. Coll, Mag,, 1959-60, 50, 115: Indian J. agric. 
Sri,, 1950, 20, 107 : Singh, Cnrr, Sri., 1946, 15, 195 : 
Saksena, Indian Phytopath,, 1955, 8, 206 : Butler & 
Jones, 612. 616, 592). 

Harvested green peas are sometimes subject to 
soft-rot causing yellow discolouration of the pods, the 
seeds within being transformed to a soft mushy mas.s, 
emitting foul odour. The causative organism is said 
to be intermediate between Erwinia caratowora 
(Jones) Holland and E, aroideac (l\)wnsend) Holland. 
A variety of Bacillus megatherium is said to attack 
germinating seeds of pea, causing them to rot anti 
disintegrate completely (Hingorani, Curr, Sci„ 1951, 
20, 191 ; Gupta et al„ ibid., 1959, 28, 463). 

A number of fungi, such as species of Fusarium, 
Alternaria, Aspergillus, Penicillium and Rhizopm 
found associated with the seeds, are said to be respon- 
sible for reduced germination. IVcatiiient of seeds 
with C'eresan is said to have proved efficacious 
(Sreekantiah & Mathur, Proc, nat, Acad, Sri, India, 
1961, 31B, 305). 

The pea crop is subject to several insect pests in 
the field and during storage. The ptnl Iwrer, Helio- 
this ohsoleta h\ feeds on tender foliage and young 
pods. Control is obtained by spraying with 0.2 per 
cent DDT. The aphid, Macrosiphum pisi Kalt., 
makes its appearance when the weather starts warm- 
ing up. Control is reported to he obtained by spraying 
with 40 per cent nicotine sulphate with soap, or with 
tobacco decoction, pyrethruin extract or fish oil rosin 
soap. It can be controlled also by spraying Malathion, 
rotenone or rotenone-nicotine. The leaf miner, 
Phytomyza atricornis Meigen and the pea thrip, 
Thrips indicus are u.sually minor pests of leaves and 
control is obtained with the use of 0.05 per cent 


wettable DD'l. The weevil, Tanymccus indicus Fst., 
is said to infest the pea crop sometimes in pest form. 
Control is obtained by spraying with to per cent 
BHC dust. The green peas inside pods of certain late 
ty[)es may be attacked by caterpillars of Etiella 
zinckcnella Treitsche. The eggs of the pea weevil, 
Rruchus pisorum (L.), are laid on the pod walls 
through which the larvae hore to infest the young 
peas developing inside. The adult weevils emerge 
from ripe unharvested or shattered peas in the field 
in alM)ut two months. In harvested peas — unless 
killed hy fumigation or other treatment — the weevils 
remain in hilxTnation throughout winter, escaping 
wheti the seed is removed from storage for sowing 
or for use. The adult weevils which emerge in the 
field are able to pass the winter in hibernation in 
sheltered localities and come out by the time the next 
crop of early peas begins to bloom. Field infestation 
may be controlled by dusts containing rotenone, 
methoxychlor or DD 1 \ applied between the appear- 
ance of the first blossoms and the first pods ; this kills 
the adult weevils, before they have an opportunity to 
lay their eggs. Pea semi-U)opers, Plusia orichalcea Fab. 
and P, nigrisigna are controlled by dusting with 
BHC or DDT (Crop pests and how to fight them, 
74, 94 : Singh & Sikka, loc. cit. : Singh & Guram, 
Curr, Sci., i960, 29 , 286 ; Trehan, /. Bombay nat. 
Hist, Soc,, 1956-57, 54, 601 ; Brindley et al„ Fmrs* 
Bull, U,S. Dep, Agric,, No. 1971, 1058: Joshi, S.N., 
Thesis, No. 512, Indian agric. Res, Inst,, New Delhi, 
>954)- 

The stored grain is liable to the attack of several 
bruchids. Storage in the form of broken pulse, with 
or without skin is recommended, as the grubs find it 
difficult to complete their life history in the broken 
grains. In the case of infestation by Bruchus 
pisorum (L.), germination tests are said to be useful 
in finding out the extent of injury to the seeds, as 
infested seeds produce abnormal seedlings. Fumigat- 
ing with methyl bromide or KD/CT mixture is 
recommended jChatterji, Sci, & Cult,, 1953-54, 19 , 
305 ; Srivastava & Bhatia, Indian J, Ent,, 1958, 20 , 
157 ; Plant Prot, Bull,, New Delhi, 1959, 1 1(1-4), 37]. 

Harvesting - Where the crop is sown for seed, it is 
harvested when the seeds arc mature, the plants 
being cut near the ground to be threshed out later 
by bullocks. Picking of green peas is done when the 
pods are well filled with young tender peas, changing 
in colour from dark to light green. At this stage the 
seeds have attained practically full size, but have 
barely begun to harden. In U.S.A., U.K. and other 
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countries of Europe where large (piantities of green 
peas are utilized by the canning and (piick freezing 
industries, instruments such as the tenderometer, 
inaturometer and texturometer are reported to be 
widely used, to determine the optimum stage when 
the crop can be harvested. The pods arc removed by 
cutting their stalks with a pair of scissors, to avoid 
injury to the vines by pulling. Pods should not be left 
on the plants to mature as otherwise the productivity 
of the plant may be impaired. The pods arc harvested 
as and when they reach the desirable stage ; there 
may l)c as many as seven to eight pickings, spread 
over a period of 5-7 weeks. The fiekl pea crop is ready 
for harvesting in Uttar Pradesh between March and 
April, while the several types of the garden pea arc 
harvested in the plains from Novcml)cr to April, 
depending upon the type sown and lime of planting 
(Singh & Sikka, loc. cit. ; Chvm. Ind., 1958. 486). 

Yield -Thi: average yield of lield pea grown for 
seeds in Uttar Pradesh is about 725 kg./ha., while 
alMndia average varies IxTween 500 anti 9(x) kg./ha. 
In U.S.S.R. and U.S.A.. an average yield of i,(xx>- 
2,o(x> kg./ha. is reported, while in .some European 
countries like Belgium, Netherlands and U.K., yields 
as high as 3,o(W)-4,ooo kg./ha. are recorded (Table 6). 
Some improved typc.s, now under trial in India have 
shown yields up to 3,670 kg./ha. The average yield of 
garden pea, grown for green pods, lias been estimated 
to range from 2,750 to 5,050 kg./ha. while in some 
selected types yields as high as 15.140 kg./ha. have 


TABLE 6-YIEI.D OF 

DRY PEAS 

(100 kit. h«.) 

IN SOME COIINTKlES=>^ 

C*.oii 11 tries 

1962 

196,1 

1964 

196.S 

NclhcrlHiifls 

42.« 

.11.6 

.15.4 

27.7 

Belgium 

.IK.S 

.10.2 

.16.1 

.10.6 

IrcL'iHfl 

.11.4 

.10.0 

28.5 

.10.0 

V.K. 

.10.0 

27. .S 

.10..1 

,1,1.9 

France 

24.2 

22..1 

21.2 

22.6 

New Zealand 

IS..1 

22.6 

24.8 

22.6 

U.S.A. 

16.6 

17.4 

18.4 

20.5 

Denmark 

I.S.6 

19.9 

24.9 

22.6 

U.S.S.R. 

12.2 

8..1 

10.8 

9.2 

China 

S.S 

S.H 

9.1 

9.1 

India 

S.8 

7.7 

5.2 

8..1 

Japan 

K.6 

8.9 

9.7 

1I..1 

World Average 

10..S 

8.6 

9.9 

9.4 


* Prod. Yearh. FAO, 1966, 20, I*t4. 


Ikcii recorded. When field pea was grown for green 
fodder in admixture with oats, it gave an yield of 
i 9, cxx >-28, o < x > kg./ha. (Yegna Narayan Aiyer, 1950. 
41). 

Makkki'im; and Trade 

Peas marketed fresh for canning are subject to 
certain .standard specifications. Four grades are 
specified, viz. Super A, Super, Fancy and Commercial. 
The pods are to be packed in hxisely woven gunny 
bags or baskets. They are generally packed in 
standard-size gunny bags, each containing about 
50 kg. of peas. Mesh bags are said to be more suited 
for this purpose than double woven hags. For long 
distance transport, or during summer months, green 
peas are packed in baskets made of twigs or hamlxio 
of a capacity of 30-50 kg. (IS: 2777-1964). 

Fresh unshelled peas can be stored for about two 
weeks at o"' and 90-95 per cent humidity. They can 
al.so be stored in crushed ice for about 2 weeks. As 
the cultivation of green peas for vegetable purposes is 
mostly concentrated near about cities and towns or 
in the vicinity of road or rail heads connecting with 
the consuming centres, the producer markets directly 
a large part of tlie total marketable surplus. Besides 
the cities of Dellii, Calcutta. Lucknow and Bombay, 
the chief as.scmbling and consuming centres are: 
Meerut, Agra, Mathura, Bareilly, Moradabad, Dehra 
Dun, Naini Tal, Faizabad, Varana.si, and Kanpur in 
Uttar Pradesh: Ranchi and ITazarihagli in Bihar: 
Darjeeling in West Bengal : Amritsar in Punjab and 
Ambala in Haryana : Jabalpur and Sconi in Madhya 
Pradesh ; Poona and Nagpur in Maharashtra ; and 
Bangalore in Mysore (C'hoiidhury, 116; A^ric, 
Afarkcliu^ hiditi^ Brochure on the Marketing of 
Green Peas in India, Agric. Marketing .SVr., No. 127, 
h/h\ 4, 15, 23 : Table XIII, 27). 

Small (|uaniities of dry peas amounting to 366 
tonnes in 1964-65, 41 1 tonnes in 1965-66 and 855 
tonnes in 1966-67 have been exported from this 
country, the chief importing countries being Ceylon, 
Malaysia, Singapore and Saudi Arabia. 

U riLIZATIONT AND Co.MPOSrilON 

Pea is esteemed primarily for the nutritional value 
of its seeds. Peas are consumed both in the fresh 
form as vegetable and in the tiried form as a pulse. 
The shelled green peas arc also utilized for prepara- 
tion of canned peas, frozen peas and dehydrated peas. 
While in America and Europe considerable quantities 
are used for such proces.sing, very small ipiantities of 
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green peas — amounting to al)our i per cent of the 
total production — are used in India for this purpose, 
iliough the demand for such processed peas is said 
to l)e increasing. The dried seeds of the field pea 
constitute the chief article of commerce. In India, it 
is often split, like other pulses into dal or in some 
places used for making roasted or parched p^‘a. 

Recently Sylvia, an introduced Sugar Pea from 
Sweden, has been released for cultivation. Its green, 
soft tender pods can l)c used as vegetable like French 
beans (Table 7), since the pods lack the thick inner 
membrane present in other types \Brovl114rc Market- 
Inir Green Peas, i960, 8 ; Whyte el al., 305 ; Singh 
el al., Indian N.S., 1960^1, 10(8), 13]. 

The green plant as well as the pods and grains, 
and the hay are valued as fodder. As a green fodder, 
in mixture with oats, pea is said to he very favourable 
for milk |)roduction. having a high nutritive value 
(Yegna Narayan Aiyer, 1950, 41 : Whyte cl al., 305). 

The pea plant is reported to he used sometimes as 
a winter green manuring crop, the average amount 
of green matter and nitrogen turned under being, 
18,500 kg. and 67 kg., respectively per hectare (U.se 
of Leguminous Plants, 235 ; Mukerji & Agarwal, 
Hall Indian Conn, afrrie. Res., No. 68, 1950, 3 ; 
Mirchandani & Khan, Rev. Ser., Indian Conn, agric. 
Res., No. 6, 1953, II, 12). 


Composition -lAkv most other legumes, peas arc 
rich in proteins, vitamins particularly of the B group, 
and minerals. Table 7 gives the chemical composi- 
tion of peas and pea products. Starch is the major 
carbohydrate, while the sugars present arc sucrose, 
stachyose, glucose, fructose, and galactose ; sucrose is 
the most important, determining the sweetness in the 
peas. Non-reducing sugars are reported to account for 
about 95 per cent of the total pea sugars ; in one 
particular study, up to about 50 per cent of the total 
sugars was found to be stachyose. During growth and 
ripening of peas, there is a rapid decrease in .sucrose 
and an increase in starch and hydrolysahle poly- 
saccharides. Fully grown unripe and fully grown 
ripe peas contained, respectively (dry basis): sugars, 
5.9, 4.1 : starch, 32.9, 43.4: and cellulose, 9.6, 7.4%. 
After picking, the peas lo.se their sweetness due to a 
decrea.se in sucro.se and an increa.se in alcohol- 
insoluble .solids. Peas al.so contain pectin (2.5%, as 
calcium pedate) ll^ichat, 16; Setty & Siddappa, 
/. Sci. Fd Agric., 1961, 12, 537 ; Shallenherger & 
Moyer. /. agric. Fd Chem., 1961, 9, 137 ; Jacobs, II. 
1279-81 ; Cherian el al., Indian Fd Packer, 1955, 9(3), 
25: Winton & Winton, II. 335; Trehaii & Ahmad, 
/. sci. indnstr. Res., 1947. 6B, i6|. 

IjOW sugar and high starch contents are regarded 
as characteristic of poor (piality peas. In general, 


TARLI: 7— CHh'MlCAL C0M1>0SIT10N OF PHAS AND PEA PRODUCTS 



(been 

peas' 

Dried 

|H‘as' 

Canned 
fresh |K!as* 

Canned 
ilried pe;is* 
(processed 
|)eas) 

Frozen 

peas® 

Roasted 

peas' 

Split 

|K'as'' 

Sugar pea 
pods' 

.Moisture, 

72.0 

16.0 

84.0 

68.0 

8t).5 

lO.I 

10.0 

8.1.5 

Prorein, 

7.2 

19.7 

4.6 

7.2 

5.7 

22.9 

21.5 

5.4 

Fat, 'V, 

0.1 

1.1 



0.5 

1.4 

1.0 

0.2 

CarlN.)liydralc.s, ‘V, 

15.9 

56.5 

5.8 

16.2 

12.9 

58.8 

61.7 

12.0 

Fii)re, % 

4.0 

4.5 

. . 


1.9 

4.4 

1.2 

1.2 

Ash. "0 

0.8 

2.2 



0.8 

2.4 

2.8 

1.1 

C^alciiim, nig. MM) g. 

20.0 

75.0 

25.0 

45.0 

17.0 

81.0 

55.0 

62.0 

Phosphorus, ing. MH) g. 

159.0 

298.0 



94.0 

545.0 

268.0 

90.0 

Iron, ing./lOO g. 

1.5 

.>.\ 

1.0 

1.7 

1.5 

6.4 

5.1 

0.7 

C^aroieiie (as \itaiiiin A), 

I.U. 100 g/ 

I.IO.O 

66.0 

.SINI.O 

170.0 

670.0 

51.0 

570.0 

680.0 

'rhianiine, ng. 100 g. 

2.S0.0 

470.0 

7.S0.0 

560.0 

5.10.0 

470.0 

770.0 

.aio.o 

Kibotlavin, /(g. 'KM) g. 

10.0 

.180.0 



IIO.O 

210.0 

280.0 

100.0 

Nicotinic aciil, ing./lOO g. 

0.8 

1.9 

. . 


1.9 

5.5 

5.1 


Ascorbic aci<l, nig. ' KM) g.^ 

9.0 

0 

0.7 


18.0 

0 

2.0 

21.0 

‘ Nutritive V\*due of Indian FimkIs. 

6.1, 99, 129. 

5.1, 89, 12.1 

: ’C:berian ft 

al., Intlum 

Fti Packer, 

19.^5, 9(5), 

25; “Wall 

Ik Merrill, 


A}>rie. Hamlh., V..S. Drp. A^ric., No. S, 1950, 58; * Wu rf al., ibid.. No. .W, 1952, 2.\ 

t Values for \itaniin A and ascorbie acid arc recorded lo be higher in peas of foreign origin. 
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highly wrinkled types arc characterized by high sugar 
and low alcohol-insoluble solids, with a predomi- 
nantly amylose type of starch content. The smooth- 
seeded peas have comparatively low percentage of 
sugar and high content of alcohol-insoluble solids, 
and the starch contains predominantly aniylopectin. 
In one analysis, wrinkled pea starch contained 98 per 
cent amylose and 2 per cent aniylopectin, whereas 
smooth pea starch contained 30 per cent amylose and 
66 per cent amylopectin. Pea starch has low viscosity 
and gel strength, i)ecause the granules (size, c. 35 n : 
kidney-shaped or irregularly oval) are extremely 
resistant to swelling by hot water (Jacobs, TI, 1280: 
Setty & Siddappa, /. Svi. Fd Agric., 1961, 12 , 537: 
Brautlecht, 282 -83 : Radley, I, 283). 

Peas have a high content of proteins ; values up to 
28 per cent or even more have been recorded in dry 
peas. The proteins of both field and garden peas 
consist principally of a globulin named legumin, with 
smaller amounts of another globulin vicilin and an 
albumin named legumelin. A protoproteose and a 
deuteroproieose have been isolated as minor com- 
ponents. Tbe crude protein and globidin contents of 
the peas increase with ripeness until they reach a 
maximum in the fully ripe, dry seeds. The non- 
protein nitrogen was found to be about 25 per cent 
of the total nitrogen in green peas : it showed high 
concentration of free arginine and lysine. The 
percentage of non-protein nitrogen in dried jieas was 
reported as 9.7. 'Fhe following amino acids, liesides 
all the essential amino acids, have been identified in 
tbe free form in green peas: aspartic acid, glutamic 
acid, tyrosine, cystine, glycine, proline and serine 
I Chit re <7 ///., /. Nulr., 1950, 42 , 207 : Jacob.s, I, 212 ; 
If, 1286-87 : Schuphaii & Posiel, Naturwissemchaflcn, 
i960, 47 , 323 ; Kulkarni & Sohonie, Indian /. med. 
Res., 1956, 44 , 511 : Rama Rao & Kadkol, Food Sci., 
1957, 6, 154 : Sab & Cupta, Affra Univ. J. Res. {Svi.), 
i960, 9 , 19 1 ; Chem. Abstr., 1959, 53 , 9510]. 

The biological values and digestibility coefficients 
of pea proteins determined at different levels of 
intake are given in Table 8. The proteins of immature 
raw peas arc reported to have poor biological values. 
The effect of maturity on the nutritive value of pea 
proteins is, however, a subject of controversy. Table 9 
shows the essential amino acid make-up of the total 
proteins of peas compared to whole egg protein. 
Methionine and cystine are the main limiting amino 
acids, showing a deficit of about 66 per cent as com- 
pared with proteins of whole egg ; one sample of peas 
was found to contain no methionine. Pea proteins 


arc generally good in leucines, lysine and threonine. 
Supplementary relationships have been ob.servcd 
between the proteins of peas and those of cereal 
germs or meat (Kuppuswamy et al., 36-38 ; Chit re 
et al., /. Nutr., 1950, 42 , 207 : Armbruster & Murray, 
ibid., 1951. 44 , 205; Altschul, 309; /arkadas et al., 
/. Sci. Fd Afrric., 1965. 16 , 734: Bagcbi et al., Ann. 
Biochetn., 1955, 15 , 149). 

There are numerous published records, wiili some 
conflicting statements, on the effect of processing on 
the pea proteins. It is generally believed that the 
nutritive value of Held pea proteins is impaired by 
heat, baking, autoclaving, and canning : this can be 
correctecl by supplementation with methionine or 
cystine. It appears that the destruction of cystine is 


TABI K S— NUTRITIVE VALUE OF PEA PROTEINS 



Protein 

toinent 

Levd of 
feeding 

Biological 

value 

Digestibility 

coefficient 

Kidd |K*as, 
Krccii* 


10 

57.5 

91.6 

Kidd pt-as, 
dried* 


(.i 

69.0 

62.0 

70.0 

Kidd peas, 
<Iritfl‘ 

27.1 

(IS 

48.0 

41.0 

91.0 

89.0 

Kidd |K*a.s, 
pardictl* 



78.2 

85.9 


* Murray, /. ;Vi#/r., 1948, 35, 257 ; “ Nivogi et at., im/ian J. mett. 
Rex.. I950-.U, |g, 1217; ML'isii et a!., ibul., 1956-57, 24, l««l ; 
* Adiarya el at., ibid., 1942, 30, 75. 

TABLE 9-ESSENTIAL AMINO AQO COMPOSITION OF PEA PROTEINS 
(K. 16*. N) 



CJreen 
mat lire 
peas' 

Dried 

peas 

(pulse)* 

Dried 

peas 

(pulse)' 

Canned 

inaliire 

peas* 

1-KR. 

whole* 

Arginine 

7.5 

17.7 

15.4 

8.8 

6.4 

Histidine 

1.2 

2.7 

2.1 

1.4 

2.1 

Metbinnine 

0.8 

1.5 

0.8 

1.0 

4.1 

l.ysine 

5.2 

11.4 

8.9 

5.1 

7.2 

Valine 

5.5 

7.8 

6.5 

5.8 

7.5 

Phenylalanine 

5.0 

5.8 

4.6 

5.9 

6.5 

'rryplophaii 

0.7 

0.7 

t).5 

1.0 

1.5 

1 .eiicine 

7.2 

10.9 

9.5 

8.8 

9.2 

/.voleiicine 

4.7 

8.4 

7.1 

4.8 

8.0 

'I'hrooiiiiie 

.5.2 

4.9 

4.2 

5.5 

4.9 


' Chitri* et at.. J. Nittr., 1950, 42, 207; Hnmnchaiidran & 
Phan.s«*ilkar, Indian J. med. Res., I9.S6, 44, 501 ; " (!liaiirrjcc* et at.. 
Fowl Hes..^ 1956, 21, 569; Mlbuk & Miiclit-II, Nntr. Ahstr. Rei., 
1946 47, 16, 249. 
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the primary factor leading to methionine deficiency 
in cooked peas. The effect of canning on the biological 
value is reported to be influenced by the maturity 
and p\l of the peas. According to a few reports, the 
nutritive value of peas is unaffected by heat or 
canning. Parching is stated to improve the biological 
value of proteins of dry peas, whereas germination 
decreases the biological value. Protein breakdown is 
believed to occur in peas, with increased formation 
of amides and ammonia, during germination in air 
and also on prolonged soaking in water. The presence 
of a trypsin inhibitor which is partially or wholly 
destroyed by heating or autoclaving is reported in 
peas ; however, some record its complete absence 
(Altschul, 93, 95, 309 ; Woods el til, /. Nutr., 1943, 
26 , 3^7 ; Murray, ibid., 1948, 35 , 257 ; Armbruster & 
Murray, ibid., 1951, 44 , 205; Schneider & Miller, 
ibid., 1954, 52 , 581 ; Richardson, ibid., 1948, 36 , 431 ; 
Chitre et riL, ibid.. 1950. 42 , 207 ; Acharya et al., 
Indian /. meiL Res», 1942. 30 , 73 : Chattopadhyay & 
Baiierjee, ibid., 1953, 41 , 185 ; Kuppuswamy et aL, 
37-38 ; Sohonie & Rhandarkar, /. sci. industr. Res., 
*955. MC, too). 

Green peas are considered as one of the best foods 
for *«tipplying adequate quantities of vitamins and 
minerals. They contain : vitamin A. 6oo-3.3(x) T.U. : 
thiamine, 35(>^(x> /Jig. ; riboflavin. 50-250 / 4 g. ; and 
ascorbic acid, 15-30 mg./ ux^ g. A sample of peas 
showed as liigh a value as 85 mg./ too g. of ascorbic 
acid. The values reported for vitamin A and ascorbic 
acid for fnclian samples are generally lower than 
those reported for samples from elsewhere. Early 
small-seeded types arc richest in ascorbic acid and 
in the same type smaller peas have higher concen- 
trations of the vitamin than the larger ones. Cooking 
especially if prolonged, may affect the nutritive value 
of peas, particularly the ascorbic acid value ; 
thiamine content also may be affected. A loss of about 
20 per cent of carotene and 33 per cent of ascorbic 
acid on cooking has been reported |Lachat, 16; 
Thorpe, TX, 255 : Todhunter & Robbins, Btdl. Wash, 
afrric. Exp. Sta., No. 408, 1941, 5, 17-18 ; Chatlield, 
FAC) nutr. .Stud., No. ii, 1954, 35: Sherman, 622, 
691 : Macjsood Ali et al., Pakist. J. Sci., 1963, 15 , 204 ; 
Kibe & Mohapatra, Poona agrie. Coll. Mag., 196^, 
55 ( 1 - 4 ). 5 l. 

13 ried pea, like other pulses, is a good source of 
vitamins of the B group. It contains: thiamine, 
0.54-0.93 (up to 1.4): riboflavin, 0.15-0.37; nicotinic 
acid. 0.8-1.6; pyridoxine, 0.14; ino.sitol, 150; folic 
acid, 51 ; pantothenic acid, 2.1 : biotin, 8.2 ; and 


choline, 197-280 mg. ; and vitamin 8,2, 0.36 /4g./ 
100 g. Other vitamins present in dried peas are: 
carotene, 1.2- 1.5; ascorbic acid, 4.2-6.8 (dehydro- 
ascorbic acid, o. 1-0.7) ^ tocopherol, 2.2 ; and vitamin 
K, 0.15 mg./ too g. During germination, there is a 
marked increase in the concentration of all the 
vitamins except folic and pantothenic acids (Sherman, 
691 ; Chattopadhyay et al., Indian Pharm., 1949-50, 
5 , 121 ; Nandi & Banerjee, ibid., 1949-50, 5 , 13, 63, 
202 : Banerjee et ai, Food Res., 1955, 20 , 545 ; 1954, 
19 , 134; Chattopadhyay & Banerjee, ibid., 1951, 16 , 
230 ; 1952, 17 , 402 ; Ahmad et al., Indian J. med. Res., 
1953. 41 , 441 : Chattopadhyay & Banerjee, Science, 
1951, 113 , 600 ; Rohatgi et al., J. Nutr., 1955, 56 , 403). 

Peas are a good source of potassium and phos- 
phorus. Wrinkled types have generally higher asli 
and phosphate contents and lower acid-base balance 
than the smooth-seeded types. Green peas and 
dried peas contain, respectively : calcium, 20, 75 ; 
phosphorus, 139. 298: iron, 1.5, 5.1; sodium, 7.8. 
20.4 ; potassium, 79, 725 : copper, 0.23, 0.85 : sulphur, 
95* J ‘'tnd chlorine, 20, 59 mg. / iO(i g. Trace 
elements present in peas include iodine (0.9 /tg./ 
too g. in green peas), cobalt, molybdenum, zinc, 
manganese, barium, aluminium, arsenic, boron, 
lithium and nickel. On germination, the available 
iron content of pea increases significantly : also, the 
phytin phosphorus decreases consideralfly with an 
increase in water-soluble inorganic phospliorus 
content | Jacobs, II, 1287 : Setty & Siddappa, /. Sci. 
Fd Agric., 1961, 12 , 537 : Nutritive Value of Indian 
Foods, 89, 99 ; Datta & Datia Biswas, Indian J. agric. 
Sci., 1951, 21 , 93 ; Ghosh & Maziimder, Indian J. 
Phys., 1950, 24(2), 67 : Thorpe, IX, 255 : Wehiner, 1 , 
564 ; Singh & Banerjee, Indian J. 7ned. Res., 1955, 
43, 497 : Ik'lavady & Banerjee, Food Res., 1953, 18 , 
2231 - 

The following enzymes have lx?en reported in 
peas: sucrase, diasta.se, protease, peptida.se, glutamic 
acid and aspartic acid decarboxylases, pyruvic carbo- 
xylase (optimum pll 5.1), triphosphate dehydro- 
genase, and a phosphorylase. Phytase and phos- 
phatase are present in germinated peas ; the former 
is ahsent in the ungerminated pulse. Seedlings show 
glutamic acid dehydrogena.se activity ; they contain 
asparagine (Jacobs. II, 1282, 1286; Kiilkarni & 
Sobonie, Nature, Lond., 1956, 178 , 925 ; Ambc & 
Sohonie, /. sci. industr. Res., 1959, 18 C, 135 ; Chem. 
Ahstr., 1958. 52 , 3931 ; Belavady & Banerjee, loc. cit. ; 
Damodaran & Nair, Biochem. J., 1938, 32 , 1064 ; 
Wehmer, I. 564). 
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Dried peas yield 1-2 per cent of a pale golden 
yellow fatty oil having the following constants ; 
sp. gr.’’* '’", 0.919; 1.4766; solid, p., -12" ; sap. 

val.. 184-85 ; iod. val., 106 ; and iinsapon. matter. 

I. 0-1.5%. The oil contains glycerides of palmitic, oleic 
and probably arachidic acids ; linoleic and non- 
conjugated mono-, di-, and tri-ethenoic acids have 
also been reported. The iinsaponifiahle matter 
contains ) 3 -amyrin, ) 3 -sitosterol and two unidentified 
hydrocarbons. Lecithin, cephalin and phosphatidyl 
inositol are present in the oil (Thorpe, IX, 255 ; 
Mensier, 460 ; Wehmer, I, 564 ; Chem, Abstr,, 1963, 
59 , 15505 ; Ganguly & Bhattacharyya, /. Indian chem. 
Sot*., 19^7, 34 , 247 ; Wagenknecht, Science, 1957. 126 , 
1288). 

Pea oil when given to women once a month, in the 
form of intramuscular injections, showed promise of 
preventing pregnancy. The active principle respon- 
sible for the antifertility effect has been found to he 
wi-xylohydro(juinone which appears to act by inter- 
fering with the working of progesterone. Trials on 
women with capsules (twice a month) containing 
300-350 mg. of m-xylohydroquinone for variable 
periods have shown a 50-60 per cent reduction in the 
pregnancy rate. The drug is non-toxic and has no side 
effects. In trials on men. the drug was found to bring 
about a 50 per cent reduction in the number of 
spermatozoa, which reverted to the normal count in 
about 4 days after the withdrawal of the drug. 
According to an investigation in the U.S.A. on the 
contraceptive efficacy of the pea oil, women who were 
administered the oil became pregnant in 50 per cent 
of the cases [Sanyal, East. Pharm., 1961, 4(37), 41 ; 
Ihdl. Calcutta Sch. trap. Med,, 1962, 10 , 85 ; Indian 

J, Pharm,, 1962, 24 , 163 ; Dandiya & Varma, E.ast, 
Pharm., 1966, 9 (ioo). 47]. 

Peas contain appreciable (juantity of saponin. 
The white, green and black types of peas show a 
haemaggliitinating activity against rabbit, rat and 
the different groups of human red blood cells ; heat- 
ing or autoclaving of the pulse is found to remove the 
activity completely. A cardiolipin-like substance 
named pea-lipin, whose antigens arc reactive in 
flocculation tests with syphilitic sera, has l^een 
reported in peas. Peas yield an antifungal compound 
named pisatin (C|7H,.,Oft, m.p. 61®) which is formed 
on pea pods inoculated with cither facultative or 
obligate plant pathogens. The seed coat of field peas 
contains a fungistatic substance (C2iHa20,„N.3H20), 
probably a nitrogen-containing anthocyanidin. 
Among the other components reported in peas are: 


the carotenoids xanthophyll, neo-/ 3 -carotenc U, neo- 
^-carotene B and / 3 -carotene, qiiercitrin, u-amino 
adipic acid, and trigonelline (Biswas, Sci, & Cult,, 
1943-44, 9 , 165 ; Huprikar & Sohonie, /. sci, industr. 
Res,, 1961, 20c, 82; Chem. Abstr., 1962, 56 , 1771 ; 
Mitra & Ghosh. Ann, Riochem., 1961, 21, 181 ; 
Cruickshank & Perrin, Nature, Land., i960, 167 , 
799 ; Perrin & Bottomlcy, ibid., 1961, 191 , 76 : Chem, 
Abstr., 1953,. 47 , 8838 ; 1962, 57 , 5022 ; Sadaiia & 
Ahmad, /. sci, industr. Res,, 1947. 6B, 47 ; Ganju & 
Puri, Indian J. med. Res., 1959, 47 , 563 ; Manske & 
Holmes, I, 176). 

On storage, the alcohol-insoluble content increases 
probably at the expense of sucrose and hence a 
definite change in flavour. In both shelled and 
unshelled peas stored at 25°, the most significant 
changes are the decrease in sucrose and increase in 
starch contents ; these changes are more rapid in the 
.shelled peas (Jacobs, III, 1831 : II, 1284). 

PEA PRODUCTS 

Canned peas — Canning is done mainly of freshly 
harvested and shelled green peas. Wrinkled as well 
as smooth peas are widely used for canning purposes, 
though the former are belter flavoured and are 
preferred. Smooth seeded types exhibit uneven 
texture, mealiness, hard seededness and splitting and 
hence are not generally suited for canning. A good 
canning type means well filled green pods containing 
.seeds of medium hold size, tender texture and 
posse.ssing sweet and not starchy taste. In the case of 
over-mature peas, the canned product has a tendency 
to gelatinize, which can be minimized by decreasing 
the proportion of peas to brine filled in the cans. 
Sometimes canned peas develop a black flaky de|K)sit. 
probably of the sulphide of the can metal ; use of 
cans lined with C-enamel has been recommended 
|Cruess, 259-73, .W * ^ Mukherjee, Indian Hort., 

1965-66, 10(2), 51 ; Girdhari I.al et at., 73-74 : von 
I-oc-secke, 1942. 132 ; Brochure Marketing Green 
Peas, i960, 21 ; Siddappa & Das, Indian Fd Packer, 

•953. 7 (io), IjJ. 

Canned peas have a greenish yellow colour. 
Ordinarily, only drained peas from the can are eaten, 
the liquid being rejected, although in cooked green 
peas the liquor is prized for its sweetness and delicate 
flavour. Analysis of canned peas is given in Table 7 
[Criiess, 259 ; Cherian et al., Indian Fd Packer, 1955, 

•(3). 25]- 

Blanching removes the characteristic raw taste and 
odour of the peas. However, some of the valuable 
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nutrients arc lost in blanching, more in water- than 
in stcam-hlanching. There is no loss of carotene and 
riboflavin ont steam-blanching, but on blanching in 
boiling water, there is a loss of 5.3 and 18.3 per cent 
respectively of these vitamins. Thiamine retention of 
samples blanched in steam and in boiling water was 
96.4 and 86.0 per cent respectively ; the corresponding 
values for ascorbic acid retention were 76.0 and 69.1 
per cent respectively. Increase in blanching time 
affected the ascorbic acid content more adversely 
than did the increase in blanching temperature 
(Cruess, 266-67 ; Dhopesbwarkar & Magar, /. set. 
industr. Res., 1954, 13 B, 848 : Blanck, 374 ; Malakar 
& Banerjee, Ann. Biochcni., 1957, 17 , 27). 

Dried peas also can be canned after they have been 
soaked in water. Such processed peas arc cheaper 
than fresh canned peas and can he canned out of 
season also. Analysis of canned dried peas is given 
in Table 7 {Bull. cent. Fd technol. Res. Inst., Mysore, 
1954-55, 4 , 140 ; Setly & Siddappa, J. Sci. Fd Agr/c., 

1961, 12, 537). 

Canned peas can normally he stored at room 
temperatures for about a year. Storage for one year 
at room temperature showed an increase in sugar 
content and a considerable loss of thiamine (54*0) 
and nicotinic acid (48.9*;/.) : the ascorbic acid, carotene 
and riboflavin contents remained practically un- 
affected {Brochure Marketing Green Peas, i960, 21 : 
Dhopesbwarkar & Magar. /. sci. industr. Res., 1995, 
14 C, 27 ). 


Canning is mostly done in Uttar Pradesh, the 
biggest producer of green peas, and also in Maha- 
rashtra where there are a numl)er of major canning 
factories. Though the army is the largest bulk 
purchaser of canned peas, the civilian demand is also 
on the increase. It is planned to set up automatic pea 
canning plants in order to reduce the prices {Brochure 
Marketing Green Peas, i960, 18-19). 

Dehydrated peas — For the preparation of dehy- 
drated peas, the wrinkled types are preferred to the 
starchy smooth ones. The peas should he even more 
tender than the canning types. The fresh green peas 
are blanched in water (at 94-<i9°) and then dehy- 
drated in a suitable dehydrator. To obtain a good 
cpiality product, the individual peas have to be 
pricked prior to blanching. Pricking is a rather 
difficult operation and is done mechanically. Blanch- 
ing of the green peas for 5-6 minutes in a 5 per cent 
boiling salt solution containing sodium bicarbonate 
(0.1-0.15%) magnesium oxide (0.1%) and grading 
for maturity followed by sulphitation for 30 minutes 
(in 0.5% solution of potassium metabisulphite) and 
ilehydration (at 60-65°) yields a product possessing 
satisfactory reconstitution and cooking charac- 
teristics. Sulphitation improves the colour, general 
appearance and storage behaviour of the peas. 
Dehydrated peas packetl in tin cans or aluminium foil 
containers arc found to keep well for over a year. 
The cooking lime of dehydrated peas decreases with 
the maturity of the peas treated. Compared to 



138 


PISUM 


canned peas, the dehydrated product has the 
advantages, like the natural green colour, belter 
flavour and desirable texture. Dehydration of green 
peas has been taken up on a commercial scale at 
Ghaziabad (Uttar Pradesh) {Brochure Marketing 
Green Peas, i960, 17 : Bhatia ct ai, Indian J. TeclinoL, 
>963, h 250 ; Jain & Choudhury, Indian /. Hurt., 1963, 
20 , 129 : Jain & Mukherjee, loc. cit.). 

Frozen peas — Peas are one of the most important 
of the frozen pack vegetables in U.S.A. and U.K. 
Some trials have been made in this country for the 
manufacture of frozen peas on an experimental basis 
by a firm in Bombay. Tender, sweet, deep green peas 
after blanching and cpiality separation are filled into 
cartons, sealed and (piick-frozen at -34" to -40° 
and stored in fibre board cases at or below —20". 
Analysis of frozen peas is given in Table 7. Frozen 
peas deteriorate (piite rapidly {Brochure Marketing 
Green Peas, i960, 10: von I^tesecke, 1942, 478). 

Parched peas (Hinoi — Bhuna matar ; Tam. — 
Varutha pattani) — Jn India, considerable (|uantities of 
field pea are roasted or parched and sold for direct 
consumption. Composition of roasted pea is given in 
Table 7. 

Split peas (Hindi — Matar dal; Tam. — Pattani 
paruppu)--lA\rgc (|uantities of field pea are also used 
for preparation of split pea or dal. This product is 
mostly from [leas produced in non-irrigated areas of 
Punjah, Delhi, Uttar Pradesh, Bihar and Madhya 
Pradesh. In South India, it is consumed in the form 
of flour {Basan), used in various confectionery 
preparations. Composition of split pea is given in 
Table 7 (joshi, S. N., Thesis, No. 512, Indian agric. 
Res, Inst,, New Delhi, 1954). 

The pea seeds are said to cause dysentery when 
eaten raw. The flour of the seed is rejiorted to be 
emollient and resolvent and is applied in the form of 
cataplasm, 'fhe flour is also used in dusting powders 
and pills. A poisonous acid similar to that found in 
Lathyrus sativus and cau.sing similar symptoms wlien 


fed to monkeys is said to have been isolated from the 
seeds. An extract obtained from peas is reported to 
have l)ecn effective in lowering blood sugar level and 
in reducing alimentary hyperglycaemia in experi- 
mental animals (Chopra, Nayar & Chopra, 195 ; 
Kirt. & Basil, I, 772 : Steyn, 87 : Mukerji, /. sci, 
industr. Res., 1957, 16 A, suppl., 1-16). 

Pea fodder — Peas can be used as an excellent 
though expensive feed. They should he fed after 
grinding. Peas are .satisfactory for dairy cattle, horses, 
and pigs on pasture when fed as the only protein 
.supplement. 'Hiey protlnce firm flc.sh in .sheep. Cull 
peas consisting of split, small or damaged peas may 
be used instead of the high grade peas (Morrison, 
495-96 : Lander. 389). 

The green plant, empty pods and hay may all be 
u.sed as feeds (Table 10). A combitiation of field peas 
and oats, if cut early and well cured, makes hay 
comparable to lucerne, for fattening lambs : this 
comltination also makes satisfactory silage. The green 
vine is good in protein, whicli has tlie following 
es.sential amino acid make-up : arginine. 5.4 ; 
histidine, 1.8; ly.sine, 5.8; phenylalanine, 6.7; 
methionine, 1.8; threonine, 4.5; leucine, 8.7; 
isoleucine, 5.t : and valine. 6.1 g./i6 g. N. The 
waste cotnittg from pea catnieries con.sists of the 
vines and empty pods attd may he used as feetl 
for dairy cows, cattle and sheep, either fresh or 
as hay or .silage. The silage, though possessing a 
strong odour, does not spoil the flavour of milk 
(Morri.son, 328-29 ; Kuppiiswamy et al., 234 ; Cruess, 
2 ^ 3 - 757 )- 

I'he young foliage of the garden pea is reported to 
be sweet and u.sed as a vegetable among the Burmese. 
The leaves contain the enzymes invertase and 
diastase, carotene (177 mg./ 100 g., dry basis), nicotinic 
acid (0.63 mg./ too g.), and trigonelline. The leaf meal 
is rich in protein (23.6'X)) (Burkill, II, 1758 : Wehmer, 
b 563 ; Sen Gupta, Indian J. appl. Cheni., 1958, 21 , 
45 ; Kuppiiswamy el al,, 234). 


TAB!.!: 10-FHEDlNG VALUE OF PEA 
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Plant (cloii;;li 

Dry mailer 
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hvd rales 
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Fibre 

1*' 

#o 

stage)' 

23.0 

4.0 

0.6 

l.t.O 

5.4 

Hay>.» 

. . 

10.9 

1.9 

.S0.3 

29.2 

Silage*' 

27.9 

3.H 

1.2 

12..*; 

7.H 

Seeds, drY’ 

90.7 

23.4 

1.2 

.V.0 

6.1 


' LandiT, appx 1; ’.Sc'ii, Hull. Imlitni Couti. af^ric. No. 2 

” Values on drv matter basis. 
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7.7 

1.13 

0.21 




2.6 

0.3H 

O.OH 

3.0 

IH.I 

5.0 

3.0 

0.17 

0.50 

20.1 

77.9 

2.9 


5, l%4, appx.I, HO; Morristm, I0f»0, 1040. 
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Pitanga — see Eugenia 
Pitch — sec Pinus 
Pitch, Burgundy — sec Picea 
Pitchblende — see Uranium Ores 
Pitcher Plant — sec Nepenthes 

PITHECELLOBIUM Mart. (I^eguminosac ; Mimo- 
saceae) 

A genus of trees and shrubs distributed in the 
tropics, chiefly in Asia and America. About lo species 
occur in India. 

This genus has been split up into several smaller 
genera and most of the Indian species have been 
referred to Aharema Pittier. Recently, however, these 
genera have been reduced to suhgeneric status, as 
sections (Kostermans, BulL Org, sd. Res. Indonesia, 
No. 20, 1954, 1-122 ; Moliienhrock, Reinwardtia, 
1961-64, 6, 443). 

*P. clypearia Benth. syn. P. angulatuni Renth. ; 

P. montanum Benth. : P. subaculmn Benth. 
Gkassiioppkk Tree 

FI. Br. Ind., 11 , 305^6 ; FI. Assam, II, 172 ; Koster- 
mans, Btdl. Org. sd. Res. Indonesia, No. 20, 1954, 42, 
Fig. 2S ; C’orner, PI. 109. 

I iEPciiA — Takpier, takpyit ; Assam— R hasaliu, 

thorekana ; Lushai Ardalipui. 

A shrub or small to medium-sized tree with acutely 
angled branches found in the eastern Himalayas, 
Sikkim, Khasi, Mishmi and Lushai hills of Assam 
up to an altitude of 1,200 m., Manipur and in the 
Andaman and Nicobar Islands. Bark smooth, dark 
brown or grey ; leaves hipinnate: pinnae 5 12 pairs ; 
pinnules variable in shape and size ; flowers white or 
yellowish white, fragrant ; pods spirally twisted up 
to 20.0 cm. long and 1.8 cm, broad ; seeds 8 10, 
purplish or bluish black. The plant is grown as an 
ornament (Bailey, 1947, III, 2652). 

The bark (tannin, up to 27.7%) is used for tanning 
lishing-nets and for washing hair. The leaves arc used 
alone or along with the fruits of Terminalia diehula 
Retz. for dyeing cotton black. The leaves are 
reported to he poisonous to cattle. They are used in 
poultices as a remedy for sore legs, swellings, cough, 
chickenpox and smallpox. The ashes of the leaves 

* KosUTiiians, while considering the two species P. clypearia 
and P. atif^ulatum as distinct, states that he is unable to take a 
decision regarding their cons|iccificity. Following Craib, the two 
species arc, however, considered consuccific here, as their economic 
uses are inseparable (Kostermans, null. Org. sci. Res. Indonesia, 
No. 20, 1954, I 122 ; Craib, I, 551). 


mixed with coconut oil are reported to he used in 
skin affections (Burkill, II, 1759 ; Baens ct al., Philipp. 
J. Sci, 1934, 55, 177 ; FI. Assam, II, 173). 

The wood is soft and light. It is used for making 
sheaths of weapons. Analysis of wood for pulp gave : 
lignin, 27.5 ; holocellulosc, 56.3 ; pentosan, 15.7 ; and 
ash, 0.4% (Burkill, If, 1759; Monsaltid & Nicolas, 
Philipp. J. Sci, 1958, 87, 1 19). 

P. dulce Benth. QirAMAcniL, Madras Thorn, 

Manila Tamarind 

D.E.P., Vl(i), 281 ; FI. Br. Ind., II, 302; Koster- 
mans, Btdl. Org. sci. Res. Indonesia, No. 20, 1954, 8 ; 
Brown, II, 295, Fig. 32. 

HisDi—Vilayati babtd, vilayati imli, jangle jalcbi ; 
Bkng. — Dekhani babtd ; Mar. — Vilayati chinch ; 
Tel. — Simachinia ; Tam. — Kodukkaapidi ; Kan. — 
Kottampuli, scemac hutiasc ; MAL.—Korukkapuli. 

A small to medium-sized, evergreen, spiny tree, up 
to 18 m. in height, native of tropical America, and 
cultivated throughout the plains of India, and in the 
Andamans. Bark smooth, grey with yellowish white 
lenticcis ; leaves hipinnate : pinnae 2 ; pinnules 2 in 
each pinna, obliipiely ovate-oblong, 1-4 cm. long ; 
flow'ers in dense heads c. 1 cm. in diam., small, white ; 
pods curved or twisted, constricted, reddish brown, 
10.0-15.0 cm. long and i. 0-1.5 cm. broad ; seeds 6-10, 
shining black, enveloped in pink to whitish, pulpy 
aril. 

Quamachil is a hardy tree and grows even in waste 
and denuded lands, pure sandy soil and on sea coast 
with its roots in brackish or salt water. It can with- 
stand a good deal of shade and is resistant to 
drought, it reproduces easily by seeds or cuttings. 

Quamachil is mostly grown in India for hedges 
and for fuel. It is very suitable for hotli these 
purposes, as it has a fast rate of growth, coppices 
vigoroUvsly and can withstand any amount of pruning, 
lopping or browsing by animals. For hedges, seeds 
may be sown at site in two rows 30 cm. apart with a 
spacing of 15 cm. By regular trimming, almost im- 
penetrable fences can he grown. Quamachil is also 
grown as a shade or roadside tree and for ornament 
because of its handsome foliage and curious pods. 
The tree is affected by leaf spot diseases (Phylloslicla 
inga’didcis Died, and Collelolrichum spp.) and a 
number of defoliating and boring insect pests. It has 
also been recorded as a host of lac insect. Some trees 
bearing lac encrustations of the rangecni strain up 
to 45 cm. long have been observed at Hoshiarpur 
in the Punjab and it has been suggested that the tree 
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may prove useful for the eulrivation of lac | Gamble. 
309 : Troup, II, 4S5 ; Use *)f Leguminous I’lants, 
236 : Mitchell, Malay, For,, 1964, 27, 96 : Gopala- 
swainiengar, 1H4 : Indian J. agric, Sci,, 1950, 20, 107 ; 
Agarwal Beliram, J, Indian hot. Sue,, i960, 39, 351 ; 
Mathur & Balwant Singh, Indian For. Bull., N,S„ 
No. 171(7). 4^’ Malhorra, hidian For., 1964, 

90. 366]. 

'i'he pods of (|uamachil (vvt., 10-20 g.) are used as 
fodder for catlle, sheep, goals and other livestock. 
They consist of 50.3 per cent pulp, 25.3 per cent seed, 
and 24.4 per cent peelings. The pulpy aril of ripe 
seeds is sweet and edible. In Mexico, tbe aril is 
reported to be used in the preparation of a beverage 
similar to lemonade. Analysis of the aril (from 
Maharashtra) gave the following values: moisture, 
77.9; protein, 0.7; fat (ether exrr.), 0.6; fibre, 1.2: 
carbohydrates, 19.9 : and mineral matter, 0.7% ; 
calcium, 13.0 mg. : phosphorus, 54.0 mg. ; iron, 
1.4 mg.: thiamine, 222 /ig. : riboflavin, 59 /Jig. ; 
nicotinic acid, 0.36 mg. : and ascorbic acid, 120 mg./ 


100 g. The essential amino acids found in the aril 
were: valine, 143: lysine. 178: phenylalanine, 41: 
and tryptophan, 26 mg./ 100 g. A sample of ripe aril 
(60';.', of the pod) from Hyderabad contained the 
following mineral constituents: total mineral matter. 
1.0%: calciutn, 2t.o; inagnesiiun. 40.0; |)h()S|)horus, 
58.0: iron, 1.1: sodium, 3.7: potassiimi. 377.0: 
copper, 0.6 : and sulphur. 109.0 mg./ 100 g. The sugars 
in the aril consist mostly of glucose. Pectin is present 
to the extent of 0.96 per cent, as calcium pectate. 
Hexacosanol and a slerol-glucoside (m.p. 282 86") 
have been isolated from the aril (Bcnthall, 222 : 
Gamo & Cruz, Fhilil>l). J. Sci., 1957. 86, 131 ; Gon/.ale/ 
el al., ibid., 1963, 92, 28 : Record 1 less. 309 : Rep. 
Dvp. Nutr. Govt, Bombay, 1957, 26, 30 : Ualasubra- 
manian el al., Indian J. mcd. Res., 1962, 50, 779 : 
Nigam ci al., J. pliarm. Sci., 1963, 52, 459). 

The seeds are stated to be eaten raw or iti ( urries. 
They contain: moisture. 13.5: protein. 17.6: fat, 
1 7. 1 : crude fibre, 7.8 ; starch, 41.4: and ash, 2.6';... 
On alcoholic extraction, the* seeds yield a saponin 
(m.p. 175-81", yield c. 2.4%), a sterol-glucoside 

(m.p. 276-78"), a flavone (m.[). 298-306°), and lecithin 
(«-7%). On hydrolysis, the saponin gives a sapogenin 
(CshHuOj, m.p. 207-08°) which has been jirovi- 
sionally named pithogenin and appears to be a 
steroid genin. The saline extract of the seeds showed 
a haemolytic agglutinating reaction with human 
blotnl [Santapau. Rcc. hot. Surv. India, 1953, 16(i), 
98 : Kesava-Menon, /. .Soc. clicm. Ind., Loud., 1910, 
29, 1428 : Nigam ct al., loc. cit. : Scheri/ ct al., Fcon. 
But., i960, 14 , 232 1. 

The fatly oil from the seeds is a yellowish while 
viscous li(|uid, resembling ka|)ok seed oil in its 
physico-chemical pro|)erties and groundnut oil in its 
fatty acid composition. The characteristics of the oil 
are: sp. gr.J"’, 0.9044 : n;;’ . 1.4546 ; sap. val., 185.3 • 
iod. val., 80.7 ; acid val., 1.2 : thiocyanogen val., 56.0 : 
and unsapon. matter, 0.6**,,; fatty acid composition: 
saturated acids, 24.3 ; oleic, 51. i : and linoleic, 24.0';/.. 
The seeds on .solvent extraction gave 20 per cent of 
a greenish oil, which after refining and bleaching 
showed the following characteri.stics : colour ([.lOvi- 
hond, I cm. cell), i.i Y ; .sp. gr."''', 0.9064 : /r'* , 1.4635 ; 
iod. val. (Wijs), 68 : acid val.. 0.2 : sap. val., 183.0 : 
and un.sapon. matter, 1.07%. Quamachil seed oil is 
suitable for edible purposes, and for .soap mamd’ac- 
tiire. It can also be used as a substitute for kapok seed 
and groundnut oils. The meal, left after the extrac- 
tion of oil from the seeds, has a high protein content 
(29.7' o) and may be used as an animal feed (Kesava- 
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Mfiion. lor. cit. : Gamo & Cruz, loc. cit. ; Nigam 
ct aL, lor. rit.). 

'I'hr I)ark contains tannin (up to 37‘,/i.) of a ratcrhol 
type, the ronlrni of which varies according to the age 
of the plant. 'I’he usual recorded ranges of values for 
Indian samples are as follows: moisture, 8-12: 
tannin, 22 28 : and non-tans, 10-15%. Acetone extract 
of the hark is reported to consist mostly of 
pentahydroxyllavan — a compound which combines 
the properties of both leucoanthocyanidin and 
])hlohotannin. A 5:1 ])lend of (|uamachil and 
myrohalan hark is found to he a suitable tanning 
material for sole leather. Quamachil hark can also be 
advantageously used as a substitute for wattle bark 
in various compositions of blended tannage for 
tanning sole leather and kips. Like wattle hark, 
li<|uor of cpiamachil hark produces leathers which are 
light in colour. The hark also contains a yellow dye 
and 1.5 per cent of pectin. It is reported to contain 
irritant principles which cause dermatitis and inflam- 
mation of the eyes. It has been reported to he used 
as an astringent in dysentery, and as a febrifuge 
jhaens ct al, Philipf), /. Scu, 1934, 55 , 177: Udaya 
Varma ct al, Bull cent, Lcnth, Res, Inst,, Madras, 
1956-57, 3 , 7 ; 1957-58, 4 , 479 ; Kedlaya ct al, Lcath, 
Sci,, *963* 1 ®, * Rajadurai, dnd., 1963* 340; 

Scharpenseel Vicario, Arancta J, /Igr/c., 1956, 3(4), 
51 : Hocking, 175; Morton, Proc, Fla St, hart, Soc,, 
1962, 75 , 484 ; Kirt. & Basu, II, 947]. 

'rhe leaves serve as fodder for .sheep, goats, horses 
and cattle. They have the following composition (on 
dry basis): crude protein, 29.0 : ether extr., 4.4 ; crude 
fibre, 17.5 : N-free extr., 43.6 ; ash, 5.6 ; calcium, 1.14 ; 
and phosphorus, 0.35%. The leaves may he u.sed for 
green manuring : their manurial value has been 
reported as follows (on dry basis): nitrogen, 4.91 ; 
phosphorus (PjO.), 0.78; lime (CaO), 1.04: and 
potash (K.^O), 2.67%. ''rhey have also been reported 
to possess astringent, emollient and alwrtifacient 
|)roperties. An insulin-like princi|)le has been reported 
in the leaves. The flowers are visited by bees and 
yield a good (juality of honey. The tree yields a gum 
which forms a good mucilage |Benihall, 222 ; // 
Pttbl imp, agric. Bur,, No. 10, 1947, 210; Idnani & 
Chibber, Sci, & Cult,, 1952-53, 18 , 362 ; Quisumbing, 
424 : Garcia, Philipp. J. Sci., 1944, 3 » Record 

cV He.ss, 31x9 1. 

The wood of (|uamachil is reddish brown in 
colour, .somewhat lustrous, straight- to irregular- 
grained, rather fine-textured, hard, heavy (wt., 
641 kg./cii.m.) and strong, but brittle. It is difliciilt 


to cut, but can be finished to a smooth surface. It is 
u.sed for general construction, packing cases, fence 
posts, cart-building and agricultural implements. It 
is an excellent fuelwood — calorific value, 5,177- 
5,580 cal. (Record & Hess, 3(09 ; Khan, 164 ; Indian 
For., 1948. 74 , 279). 

*P. monadelphum Kosterm. syn. P. higeminum auct. 
non Mart. ; P, gracilc Bedd. 

D.E.P., VI(i), 281 : El. Br. Ind., II, 303 : Kosiermans, 
Bull, Org, sci. Res. Indonesia, No. 20. 1954, 50, 
Fig. 32 ; 1 albot, I, Fig. 284. 

Hindi — Kaclilora ; Tam. Krt/ pakkti ; Kan. — 
Kodakonde, kokke ; Mai.. — Muthakolappan. 

Lepcha — Tikphkting ; AstiAM - Bhaclialiu, moj ; 
Lu.shai — Ardahte ; Kiiasi — Dieng-yap-yar, 

A small to medium-sized tree found in the eastern 
Himalayas. Khasi, Jaintia, and Lushai hills of 
Assam up to an altitude of 1,800 m., and in the 
western ghats up to an altitude of 9(X) m. Bark 
smooth, thin, brown; leaves bipinnate: pinnae 1-2 
(rarely 3) pairs: pinnules elliptic-lanceolate or ovate- 
oblong ; flowers in heads, yellowish white, small ; 
pods flat, twisted, reddish brown, up to 15.0 cm. long 
and 2.5 cm. broad ; seeds 5-8. sub-orldcular, c. 1.25 cm. 
in diam., black. 

The bark contains 0.8 per cent of a toxic alkaloid, 
pithecolobine (Ca^HiftOaN,), which is fatal to fish in 
a dilution of t:4(x>,(xx); it also contains a .saponin. 
A decoction of leaves is said to he used as an external 
apjdication in leprosy and as a stimulant for the 
growth of hair. The active jirinciple of the leaves is 
reported to he a mixture of two unidentified acids ; 
the leaves also contain saponins aiul traces of an 
essential oil. Seeds, after repeated boiling and dis- 
carding of water, are u.sed as a condiment in Biinna. 
They are poisonuos and produce abdominal pains 
and violent and persistent vomiting when eaten 
uncooked ; they contain pithecolobine. The seeds are 
reported to he prescribed in diabetes mellitus (Merck 
Index, 825 : Wehmer, I, 484 ; Orr & Weisner, Clicni, 
& Ind,, 1959, 672 ; Chopra ct al, I, 344 ; Chakravarti 
& Canapati, /. Annamalai Univ., 1932, 1 , 18 1 ; Kirt. 
& Basu, II, 946). 

The tree yields a brownish, .soft and light wood 
(wt., 352 kg./cu.in.), which is neither durable nor easy 
to work. It is used for planking anti battens, and has 
been suggested to be suitable for match-boxes. The 

• P. hifreminum Mart. syn. P. nicobaricum Prain has been 
rccorileil only from Nicobar Islands and Ceylon and no separate 
economic uses arc known (Kosternians, loc. cit.). 


142 



PITTOSPORUM 


ircc is one of the hosts of the lac insect and lac is 
grown on it in Assam (Gamble, 310 ; Rama Rao, 155 ; 
Roonwal c/ aL, 139). 

globosum Kosterm. syn. P. affine Baker ex 
Benth. is a tall tree, up to 13 m. high and 30 cm. in 
diam., with smooth, grey hark and dark red-brown 
hearlwood found in Assam. The fruit is reported to 
he used in curries and chutneys. The roots arc used 
for poulticing hoils. The limber is used in house 
building, though it is not durable if exposed to 
weather (Burkill, If, 1759; Kostermans, Bull. Org. 
set. Res. Indonesia, No. 20, 1954, 36). 

P. unffuls-cati Benth. is a small spiny busli reported 
to be grown as a hedge plant in West Bengal. It 
stands clipping and the fruits are sometimes eaten. 
'I'he bark is reported to he astringent and the seeds 
used for ornaments (Burkill, II, 1763: Hedrick, 445: 
Uphof, 285). 

Pithecellobium spp. — see Enterolobium 

PITTOSPORUM Banks ex Gaertn. (Piltosporaceae) 

A genus of evergreen trees and shrubs distributed 
in the tropical and temperate regions of the Old 
World, being most abundant in Australia. Twelve 
species occur wild in India, and a few exotics have 
been introduced and grown in gardens. 

*P. floribundum Wight & Arn. 

D.E.P., VI(i), 283: FI. Br. Ind., I, 199; Kirr. & 
Basil, PI. 89. 

Mwi.— -Veil kali, vikhari, vchyenti, yekaddi, pisara ; 
Tk.l. Rakamuki ; Tam. — Kattu .sampatiffi, nanjundai, 
tamniala ; Kan. — Tannnala ; Okiya- Dehosumlu, 
d(*vsan. 

Kvmws -Raini ; (]^akiiwal — Tuwri ; Nkpai. — 
Tihilii, iibiloti : Khasi -/)/V/ig-n/u/o-67/i-/ng, dietifr-sh 
///g, dienjr-dinna ; Mcndari Here-kasniar. 

A small evergreen tree, up to 12 m. in height and 
1.8 m. in girth, found in the hills of the j)eninsular 
India and along the foot of the outer Himalayas, 
from Punjab eastwards to the hills of Assam, 
ascending uj) to an altitude of c. 2,4(x> in. It is also 
grown in gardens and is particularly ornamental 
during fruiting. Bark thin, light greenish grey ; 
leaves loosely crowded towards the ends of the 

• /*. Jhnhumlum Hook. f. A: 'rtioins. (FI. Hr. Iiitl.) ronsisl.s of 
Iwo species: /\ jlorihuudum Wight & Arn. and /'. ttaptiulmsc 
(l)C'.) Kclider & Wikson, tlic latter tiascd 011 Svuaiia 
1 )(^ /^ llorihumlum occurs in the i)cnin.su1ar India and P. napaih 
/cM.ve in the Himalayas and Assam hills. 'I'hesc Iwo s|K;eies 
have, however, not so far been distinguished for niedieinal and 
analytieal purposes ((«owda, J. Arnold Arbor., 1951, 32 , 350). 


branches, lanceolate to ohlong-lanceolate or elliptic- 
oblong : llowers yellow, fragrant, in much-branch- 
ed corymbose or umhelliform clusters ; capsules 
orange-yellow, slightly compressed ; seeds orange- 
red or blackish red, coaled with a resinous, viscid 
fluid. 

The hark is hitter and aromatic. When freshly cut. 
it emits a ginger-like smell. It is reported to |)ossess 
expectorant, febrifuge and narcotic properties, and is 
used in chronic bronchitis. It is also administered in 
leprous alfections. The tribal |)eople grind the hark 
with water and apply the paste to inflammatory, 
dropsical and rheumatic swellings. The narcotic 
action of the bark is attributed to the presence of a 
yellow oleoresin. The bark also contains a saponin, 
pitlosporin |Kirt. & Ba.su, 1 , 229: Cains, /. Bombay 
nat. Hist. Soc., 1939-40. 41 , 374 ; Krishna & Badhwar, 
/. sci. industr. Res., 1947, 6(3), suppl.. : Cooper, 
/I//1/. A/o. bot. Gdn, 1956, 43 , 91]. 

Steam di.stillaiion of flower .samples from the 
Himalayan plants yielded an essential oil (0.26%) 
having the following characteristics: d;J" , 0.8262; 
nj’" , 1.6008; -o.io” ; acid val., 51 ; and sap. 

val., 227. The con.stituents identified in tlie oil are: 
ft-pinene, dipentene, linalool, cineol, methyl sali- 
cylate, decyl aldeliyde, ani.saldehyde, hergapten. 
eiigenol, indole, and salicylic and hen/oic acids 
(Salgues, Mat. Frg., 1952 -54, 1 , 340). 

The wood is whitish brown, lustrous, moderately 
hard and heavy (sp. gr., 0.68-0.74), usually straight- 
grained and tine- and even-textured. It is suitable for 
making small toys, and is also used as fuel (Indian 
Woods, I, 58 ; Gupta, 56). 

On steam distillation the wood yields an essential 
oil (0,77;,) having the following characteristics: 
d^7‘', 0.862 ; u’*" , 1.4840; |ri|'‘" , - 2^’ ; acid val., 17 ; 
and sap. val., 29.3. The presence of octylene, 
wo-amylalcohol, ter|)ineol, diacetyl, /.vovaleraldehyde, 
methyl heptenone, cineol, //-butyric acid, /.vovaleric 
acid and a ses(|uirerpene has been r(‘[)orted in tlie oil 
(Salgue.s, loc. cit.). 

dasycaulon Mu|. (Mak. Gapsundi ; Kan. 
Boo^ri) is a small evergreen tree with lanceolate, 
elliptic or broadly ovate leaves, loo.selv crowded 
towards the ends of the branches, white or 
flowers in umbels, and globular ca|)sulcs, found in 
the rain forests of South India ; it is j/rohably 
endemic. 

An extract of the stem hark shows antibacterial 
and antifungal activity (Bhatnagar et al., Indian J. 
mcd. Res., 1961, 49 , 799). 
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P, vrioairpinn Roylc (Hindi — Mrda tumri, gar- 
silug, garshuma ; KrM.xrN Agni ; Nv.VAL—Kakria) is 
a tree* c*ii(k*mic to ilic North-West Himalayas, up to 
an altitude of 2,i(X) m. P. tctraspcrnium Wight & 
Arn. (Mai.. — Katcha patta), is widely distributed in 
the hills of South India. The woods of both these 
species have more or less the same properties as those 
of P. Ih)ribufidtn}t (Indian Woods. I, 58). 

P. fcrrugiticnm Ait. is a tree, up to c. 20 m. high, 
with elliptic leaves and yellowish white flowers in 
suh-umhellate clusters, found in the Nicohar Islands. 
'I'he leaves and fruits act as lish poison. The fruits, 
though sweetish, are dangerous to eat. A tannin and 
an alkaloitl have been reported from the leaves and 
fruits. 'Fhe plant contains sajtonin. 

The wood is while and line-grained, hut is not 
durable. It is reported to he used for rafters and as 
fuel (Biirkill, II, 1763-64). 

P. undidatuvi Vent., a native of Australia, is a 
shrub or a small tree, 5-12 m. high, with fragrant 
flowers. It is much grown as an ornamental hedge in 
gardens in the hills of South India, and has run wild 
at some places. In Australia, the wood is used as a 
suhstitute for box-wood ((h)wda, /. Arnold Arbor,, 
1951, 32 , 330: Cooper, Ann. Mo. bot. Gdn, 1956, 43 , 
172 ; (Jam hie, 43). 

The flowers yield an essential oil (0.26' .,) having an 
odour recalling that of jasmine. An essential oil from 
the fruits (0.4-0.6‘V,) posses.ses a pleasant odour, and 
contains 75 |K’r rent limoneiie. The fruits also yield 
a leucoanthocyanin, pentatriacontane and a sa|)onin. 
The leaves and the hark are reported to contain 
iriterpenoid .saponin (Gildemeister & IlolTmann, V, 
192-93: Clinn. Abstr., 1939, 33 , 5446; Simes c/ al.. 
Bull. sci. indusir. Res. Org. Ansi., No. 281, 1959. 10). 

PITYROGRAMMA l ink (Polypodiaccar) 

M. Malaya, II, 592. 

A genus of ferns chiefly distributed in tropical 
America, with a few species occurring in Africa and 
Malagasy. P. caloniclanos has become naturalized in 
India and other tropical countries. 

P. calonivlanos (Linn.) Link syn. G\mnogramma 
adomvlanos Raulf. is a pretty fern having conspicuous, 
shining Hlack, purplish black or deep brown stipes 
and yellow or white, resinous, sporangial dust. It has 
been recorded from Piirnea district of Bihar and in 
the vicinity of Baglung (Nepal). Sometimes it is 
grown for ornament. The fern enters into the prepara- 
tion of a decoction with other plants for kidney 
troubles (Haines, VI, 1199: Raizada & Vaid, Indian 


For., 1952. 78 , 576 ; Chittenden, III, 1596 ; Qui.suml> 
ing, 68). 

Plagioclase — see Felspar 

PLANCHONELLA J^ierre [Sapotaccac) 

A genus of laticiferous trees or shrubs distributed 
in Seychelles, Andaman and Nicohar Islands, South- 
Kast Asia, South China, Australasia, and through 
Pacilic to South America. Two species occur in India. 

P. longipetiolata (King & Prain) ll.J. l^am syn. 
Pouteria longipetiolata Baehni : Sideroxylon longi- 
pctiolatum King & Prain 

Parkin.son, 197 : King & Prain, Ann. R. bot. Gdn, 
Calcnlta, 1901, 9 , 50, PI. 63. 

Tradk Latnbapatti. 

A large, often buttressed tree, up to 39 m. in height 
and 2.7 m. in girth, found in the Andaman and 
Nicohar Islands. Bark grey : leaves in mature plants 
10-20 cm. long, elliptic or ohovate-lanceolate. much 
larger, up to 75 cm. in young plants : flowers in 
axillary clusters, greenish white, small : fruits up to 
5 cm. long, ovoid or globose, succulent, dark brown 
when ripe ; seeds 1-2, compressed fusiform, c. 3 cm. 
long, dark brown, hard. 

The tree is fairly common in evergreen forests and 
occasionally forms almost pure patches on calcareous 
soils. It can stand shade for a long time and on being 
freed from it grows straight with a long cylindrical 
clean hole. Klowering is irregular with no annual 
production of good seeds ; seedlings, however, 
.stand transplanting well. Though the viability of 
seetls is very low (c. 3 per cent), natural regeneration 
comes up plentifully during the course of regenerating 
the forests. Direct sowing and planting liave also 
been successful. If large (|uantiries of seeds are avail- 
able, broadcasting or dihliling them under shade in 
regeneration areas is preferable. Introduction of 
lamhapatti in suitable localities in Assam, Bengal, and 
western ghats has been recommended (Indian For., 
1952, 78 , 274 ; Canapathy & Rangarajan, ibid., 1964, 

The wootl is white, soft and light (wt.. 545 kg./ 
cu.m.). It is non-refractory, very liable to stain, mould 
and rot, hut. can withstand rapid drying. Air' 
seasoning should he carried out under a g(wd 
weather-proof roof with the timber piled in such a 
way that all sides are exposed to air. The wood is not 
durable ; average life is less than 5 years. Heartwood 
is easily treatable. The fallen timber is affected by 
borers JParkinson, 197; Trotter, 1944, 15-16; IS: 
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3(;y-i952, 15, [7 : Mathur & Balwant Singh, Induui 
For. Hull., N.S., No. 171(8), i960, 55]. 

Lainbapatti wood is used in match industry both 
for boxes and splints. It is one of the finest match- 
woods and comes up to the standard of Kuropean 
Aspen [Pojyulus trcmula Linn.) for splints. It is 
suitable also for light packing cases, plywood, 
turnery and toys. The leaves are used as fodder for 
elephants. Andamane.se are reported to hake li.sh and 
pork in the large leaves of young plants (Trotter, 
1944, 213 : Hidiun For., 1952, 78 , 274; IS : 399-1952, 
17 : Parkinson, 197). 

P. obovata (R. Br.) Pierre syn. Poulvria obovata 
Baehni : Sidcro\\lon ferrufrmeum Hook. & Arn. 

FI. Br. fnd.. Ill, ^37 ; Van Royen, Hlumca, 195^-57, 
8,368. 

A medium-sized to large buttressed tree, some- 
times up to 40 m. in height, found in the Andaman 
and Nicobar I.slands. Bark brownish grey, fi.ssiired ; 
leaves 6-24 cm. long, very variable, obovate to lanceo- 
late or linear ; flowers in clusters, greenish white, 
small ; fruit c. 1.5 cm. long, obovoid or globose, 
1-5 seeded. 


The wood is pinkish, very j>retty, bard and lieavy 
and is suitable for cabinet-work, carving and turnery, 
fn Malaya, a decoction of the leaves is drunk for 
pain in the stomach and chest ; a poultice of the 
crushed leaves is applied on the loins in lumbago. 
The bark after heating is chewed for sprue. The 
leaves are reported to contain saponin and the bark 
and leaves an alkaloid (Burkill. If, 1766). 

The seeds yieltl 41 per cent of a non-drying fatty 
oil with the following characteristics: d , 0.90S2 ; 

1.4650 ; acid val., 20.4 ; sap. val., 189.1 » 

77.6: and unsapon. matter, 0.37%. The oil contains 
23.6 per cent solid acids (mostly palmitic and some 
myristic) and 76.4 per cent liquid acids comprising 
77 per cent oleic and 23 per cent linoleic (F.ckey, 713 ; 
Chew. Ahsir., 1936, 30 , 314). 

PLANCHONIA Bin me (l^rcxthiduceac) 

A small genus of trees distributetl in Jndo- 
Malaysian region and Australia. One species occurs 
in the Andaman Islands. 

*P. valida Blume syn. P. liiloralls Van Hoiitte ; 
P. (nuhnnamca King 

D.K.P., Vr(i), 284: FI. Br. hid., II. 511 ; Karta- 
winata, Bull. hot. Surv. India, 1965, 7 , 162, Fig. 1 & 4. 

A.ndamans — Lai l)omb'wa\, haila da. 

A tall tree, sometimes up to 36 m. in height and 
3 111. in girth, founil jn the coastal forests of the 
Andaman Islands. Bark dark brown ; leaves obovate 
to broadly elli|)tic, 10-20 cm. x 5.0-12.5 cm.; flowers 
in short terminal racemes, pinkish while : fruit a 
berry. 

The wood is reddish brown with yellow specks, 
moderately interlficked-grained, medium coarse-tex- 
tiired, hard, strong and heavy (av. wt., 865 kg./cti.m.). 
It is a refractory timber and should be sea.soned in 
well-ventilated sheds. It is only moderately durable ; 
graveyard tests indicated a durability up to two years. 
Tbc wood can be easily treated. It works and linishes 
well and takes a line polish. The data for the com- 
jiaralive suitability of the timber, expressed as per- 
centage of the same properties of teak, are: wt., 135 ; 
.strength as a beam, mk) ; stiffness as a beam, 1 15 ; 
suitability as a post, 105 ; shock-resisting ability, 105 ; 
retention of shape, 50 ; shear, 1 10 : and hardness, 
145. 'I’hc wood is used in the Andamans for house 
construction for beams, columns, planks, doors and 

•Some iiiilliors coiisider the Aiifl:iiiiaii species, I*. antUnnamai 
King, flistinet from the Malayan and Indonesian s|HTies, P. valida 
llliinie (Burkill, II, 1766 ; Karrawinata, lUtU. htU. Sun'. India, 
I%5, 7, 162). 
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Dehra Dun. Photo : Ramesh Rao 

FIG. 49-PLANCHONIA VAIJDA-TRANSVERSE SECTION 
OF WOOD (xlO) 


windows. In MaK'iya and Indonesia, it is used also for 
furniture, cabinet-work, flooring, ship-framing, bent- 
wood work, etc. The wood is suitable for commercial 
and tea-chest plywood and tool handles. In Java, the 
young leaves are reported to be eaten with rice 
(Gamble, 365 ; Limaye, Indian For. Rec., N.S., Timh. 
Mech.y 1954, 1 , 37, Sheet No. 16; Trotter, 1944, 12 ; 
Purusholham ct ai, Indian For., 1953, 79 , 49 ; ibid., 
1952, 78 , 276, 278 ; Sekhar & Bbartari, ibid., 1964, 90 , 
767 ; Kartawinata, Bull. hot. Surv. India, 1965, 7 , 
162 ; Uphof, 285). 

The leaves, shoots and fallen wood are affected by 
a number of insect pests [Mathiir & Balwant Singh, 
Indian For. Bull., N.S., No. 171(7), * 959 ^ 4 ^ 1 * 

Plane, Oriental — see Platanus 

PLANTAGO Linn. {Plantaginaceac) 

A large genus of herbs or sulvshrubs distrifmted 
mostly in the temperate regions, and a few in the 
tropics. About ten .species are recorded in India, of 
which P. ovata is important for its seeds {Isubgot) 
used in medicine. 


P. amplexicaulis Cav. 

D.E.P., VI(i). 284; FI. Br. Ind., IV, 706; Kirt. & 
Basil, PI. 78 iC. 

Punjab — Isajghol. 

A stemless or sub-caulescent herb widely distri- 
buted in the countries of the Mediterranean region, 
recorded occasionally from Rajasthan and Delhi. 
Ix'avcs radical, narrowly lanceolate, entire or very 
sparingly toothed ; flowers while, in ovoid spikes ; 
capsules ovoid, sulhobtuse, pale brown, smoolb, 
2-secdcd ; seeds oblong, boat-shaped, brown or nearly 
black. 

The Indian plant is consiiicred to be a variety var. 
baupliula (Edgew.) Pilger. P. amplexicaulis is said to 
be the source of brown isubgol .seeds met with in 
Indian bazaars. The seeds are larger than those 
obtained from P. ovata (q.v.) and probably po.ssess 
e(|Lially good demulcent properties. The mucilagin- 
ous matter is contained mainly in the seed coat along 
with some tannin. The endosperm contains protein 
and a fatty oil. Seeds arc con.sidered astringent, and 
used in intermittent fever, pulmonary affections, and 
as an application to the eyes in ophthalmia. In 
Baluchistan, juice of the seeds is taken in hot weather 
as a cooling drink (Pilger in Das Pflanzenreich, Heft 
102, 1937, 3if)-ii ; Chopra, 1958, 379 ; ( 7 /cm. Abstr., 
1959, 53 , 20695; Kirt, 6 c Basil, III, 2039; Btirkill, 
62). 

P. asiatica Linn. syn. /^ major Hook. f. non lann. 

D.E.P., VI(i), 285 ; FI. Br. Ind., IV, 705 in part. 

Kan. — Sirapotta gida. 

A perennial herb with stotit root.stock found in 
Simla, Kiimaun, Sikkim, Liisbai hills, and hills of 
South India. Leaves radical, ovate, eniire, coar.sely 
dentate or lobed ; (lowers .scattered or crowded, in 
.spikes ; cap.stiles egg-shaped : seeds small, black. 

P. asiatica is said to have properties similar to those 
of P. major Linn. (q.v.). The leaves contain the 
gliicosidcs plantaginin (.sciitellarein-7-glucoside) and 
aucubin (Ci-.HaaO,,. m.p. 181°), besides .succinic and 
plantenolic acids, choline and adenine. On extraction 
with hot methyl alcohol, the dried whole herb gave 
ursolic acid, / 3 -sito.steryl palmitaie, /:^-.stigmasteryl 
palmitate, /<-.sitosterol, and «-bentriacontane. The 
seeds are used in haematiiria, and inflammatory con- 
ditions of the mucous membrane of gastro-intestinal 
and gcnito-tirinary tracts. The seeds contain aucubin 
and 8.1% fatty oil (Hoppe, 711; Chem. Abstr., 
1962, 56, 14395 : 1937, 31 , 7599 ; 1957, 51 , 18651 ; 1965, 
62 , 13518 ; Bull. bol. Surv. India, i960, 2 , 244 ; 
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Dictionary of Organic Compounds, I, 292 ; Wchmcr, 

n, 1145)- 

P. lanceolata Unn. 

O. KP.. VI(i), 284; FI. Br. Ind., TV, 706; Kirt. & 
Basil, PI. 78 1 A. 

Hindi — Baltanfra. 

A [xrcnnial herb found in the western Himalayas 
from Kashmir to Simla at altitudes of 1,500-2,400 m. 
Leaves lanceolate, entire or toothed, 20-30 cm. long 
and 2-4 cm. broad ; spikes ovoid, sub-globose or 
cylindric ; seeds oblong, concavo-convex, black. 

P. lanceolata is a variable species mostly Eurasian, 
but found also introduced in North America. 'Fhc 
Indian plant is referred to var. mediierranea (Kcrncr) 
Pilger. Ft is sometimes cultivated for its medicinally 
valuable leaves. Under cultivation in Europe, the 
plant yields 2-3 cuttings in first year and 4-5 in 
second year (Pilger in Das Pflan/.cnreich, Ilcft 102, 
1937, 313-27 : Freudenberg & Caesar, 117 ; Auster & 
Schaefer, Lciferung, 19, No. 52, 1958). 

The leaves and roots of the plant are considered 
astringent, vulnerary and alterative and arc used for 
coughs, pulmonary diseases and asthma. The leaves 
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LA.R.I., New Delhi 

FIG. 50— PLANTAGO LANCEOLATA— FLOWERING PLANT 


are used as an application to wounds, inflamed 
surfaces and sores. The glucoside aucubin is present 
in the leaves and roots. The leaves also contain tannin 
(2. 1 Vo), carotene (0.56 mg./itx) g.), and thiocyanogen 
(20 mg./ too g. of leaf juice). The alkaloid content of 
the twigs anil leaves is reported to be 0.26 per cent. 
The leaves and their aqueous extracts promote 
epithelial growth, diminish hyperemia and accelerate 
promotion of stab : they also promote clotting of 
blood in rabbit. Alcoholic extracts of young leaves 
exhibit antibacterial action against Streptococcus 
hetahacmolyticus, Micrococcus pyogenes var. aureus 
and Bacillus subtilis, thus confirming their wound- 
healing properties. The powdered plant mixed with 
normal diet is said to cause temporary sterility 
(Jacobs ik Burlage, 162 ; Hocking, 176: Wehmer, IF, 
1146: Wiesner, F, 279: Deuel, F. 518: Hoppe, 711 ; 
Ikram & Fslam, Pakist, /. sci. indust r. Res., 1963, 6« 
53 : Kirt. & Basil, IFF, 2038 ; Clicm. Abstr., 1953, 47 , 
12652 ; Biol. Abstr., 1959, 33 , 1890 ; Las/.lo & 
llensbaw. Science, 1954, 119 , 629). 

P. lanceolata is occasionally used as a stock feed 
in the absence of better fodder. It contains 8.5 per 
cent of protein and is a good source of calcium (CaO, 
1.56%) and phosphorus (P2O., 0.88V0). The young 
leaves arc eaten as a vegetable and are recommended 
as food in times of scarcity (Armstrong, /. Sci, Fd 
Agric.y 1951, 2 , 168 : Watt & Breyer-Brandwijk, 848 ; 
Uphof, 285 ; Parsa, Qualit. Plant. Mat. Ve^,, 1960, 7 , 
65 ; Dougall, F. Afr, agric. 1953-54. 19 , 152). 

The seeds are used as bird feed. They arc consi- 
dered diuretic, purgative and haemostatic. They 
contain 6.5 per cent of mucilage and are used as an 
adulterant of Black l^syllium from IVance or Spain. 
The mucilage yields on hydrolysis i/-xylose (72 ‘X,), 
i/-galacturonic acid (15%), /-rhamnose (iiVn), and 
d-galactose. Aucubin (i.i'X*). tannin and a fatty oil 
(8-9 'XJ have been reported in the seeds (Hoppe, 711 ; 
Smith & Montgomery, 23, 1 10 ; Kirt. & Basu, III, 
2038 ; Nadkarni, I. 986 ; Bailey, 1947, FFI, 2656 ; 
Cliem. Abstr., 1953, 47 , 1243 : Mensier, 462). 

P. major Linn. 

D.lvl^, VI(i), 285 ; FI. Br. Fnd., IV, 705 in part ; 
Kirt. & Basu, PI. 780. 

Kashmir — Gtil, isafghol ; PirNjAB — Gliuzbe, gf/J, 
isafgoly karet ; Kumaun — l.uhuriya. 

A perennial herb with erect, stout root.stock found 
in the temperate and alpine Himalayas from Kashmir 
to Bhutan at altitudes of 6o(>-3,5(x> m., in Aka hills 
and hills of N.E.F.A. Ix^aves radical, ovate or ovate- 
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oblong, entire or toothed, S-20 cm. long and 4-7 cm. 
broad ; flowers small, green, crowded or scattered in 
long slender rather lax spikes ; capsules ovoid : seeds 
4 8. minute, oval, dull black, riigiilose. 

Tlie plant is grown as a pot-herb in parts of 
southern U.S.A. 'fhe leaves arc eaten by Chinese. 
They are saline, bitterish and acrid to taste. Analysis 
of the fresh leaves gave the following values: 
moisture, S1.4 ; crude protein. 2.7 : N-free extr., 11.2 ; 
far, 0.4; crude fibre, 2.1 ; and asli, 2.2 Vu. The leaves 
are reported to contain aucubin (1%). mucilage, 
tannin (c. 4V0), saponins. volatile oil, potassium salts 
(0.46%), citric acid and vitamins A, C, and K [Ockert, 
Acta phytothcr,, Amst., 1955, 2 (io), 19; Burkill, II, 
1768 : Webmer, IF, 1 145 : U.S.D., 1947, 1554 ; Hoppe, 
71 1 : Chem. Ahstr,, 1953. 47 , 1243; 1947, 41 , 2210]. 

The plant is considered haemostatic and wound- 
healing in burns and inflammation of tissues. In 
homoeopathy, it is used in tlisorders of the epidermis, 
and in headache, earache and toothache. The leaves 
are considered cooling, alterative, febrifuge, diuretic, 
astringent and vulnerary. An infusion of the leaves^ 
is useful in diarrhoea and piles. In Tuscany, a decoc- 
tion of leaves is reputed as an excellent eye wash, and 
an ointment prepared from them is applied to sore 
eyes, A 10 per cent ointment of powdered leaves in 
peach seed oil or vaseline is used for suppurative skin 
diseases as an anti-pruritic and in impetigo and 
ecthyma. The application is anti-inflammatory and 
aids in epithelialization without any injurious side 
reactions (Hoppe, 71 1 : Wren, 240 : Kirt. Basu, III, 
2035-36 ; Watt & Breycr-Brandwijk, 849 : Jacobs & 
Burlage, 162; Clirtu. Abstr,, 1947, 41 , 2210; Aliev, 
Amcr. J, Pharm., 1950, 122 , 24). 

The roots are saline and sweetish to taste. They 
are considered astringent and febrifuge, and their 
decoction is used for coughs (U.S.D., 1947, 1554 : Kirt. 
& Basu, IFF, 2035; Burkill, IF, 1768). 

The seeds are considered demulcent, stimulant, 
diuretic and tonic, and arc used as a remedy for 
dysentery and diarrhoea. The seeds of P. major, like 
those of other Planla^o species, contain mucilaginous 
matter mainly in the seed coat along with some 
tannin. They arc used as an adulterant for isubgoF. 
They contain: crude protein, 18.8; crude fibre, 19; 
fatty oil, 9.8 (up to 22%) ; and ash, 5%. The presence 
of plantagic acid has been reported. The seed oil (sp. 
gr.*‘‘“, 0.932 ; sap. val., 183 ; and iod. val., 138.5) is 
yellow in colour with an agreeable odour, and a taste 
resembling that of walnut. It is suitable for edible 
purposes. The seeds are used as a bird feed and are 


fed after crushing and boiling {Cheni. Abstr,, 1959, 
53 , 20695 ; Webmer, IF, 1145: Hoppe, 71 1 ; Mensier, 
462 : Kirt. & Basu, IFF, 2035 ; I.P.C., 125 ; Williams & 
Williams, 260; Burkill, 11 , 1768). 

The leaves and roots when chewed impart a red 
tinge to the saliva. The leaves colour aluminium- 
mordanted cotton dull yellow. Aucubin is present in 
roots and inflorescences. The presence of alkaloids 
(o.i?;,) has also been reported in the plant. The plant 
is a persistent lawn and vine yard pest in some 
countries and application of 2, 4-D (1.2 kg./ha.) or 
aniitol (7.5 kg./ha.) has been tried for control | Perkin 
& Everest. 636 ; Ikram & Islam, Pakist. /. sci. indtislr. 
Res., 1963, 6, 53 ; Ram Copal, Indian Fmg, N.S., 
1954 55 * 4 ( 10 ), 23 ; Chem. Abstr., 1963. 59 , ^487]. 

P. ovata Forsk. Blond Psyllium, Ispaoiiula, 

Si*ot;KL Skf.ds 

D.E.P., VF(i), 285 ; FI. Br. Ind., IV, 707 ; Kirt. & 
Basu, PI. 782A. 

Peks. -Isabfrhitl; lliyim Istibfrol ; Bkn<;. — Eshop- 
gol ; Mar. habgohi ; Cu j. — isapgbol, glioda jeerti, 
timto jccni ; Tel. -hapgola viluln ; Twi. Iskolvirai; 
Kas» -Tsafgoln, visamagoln ; -Karkatasringi. 

A stemless or sub-caulescent softly hairy or woolly 
annual herb : leaves narrowly linear or filiform, entire 
or distantly toothed : flowers in cylindric or ovoid 
spikes ; capsules ellipsoid, 8 mm. long, obtuse, the 
upper half coming ofF as a blunt conical lid, 
membranous, glabrous ; seeds ovoid-oblong, 3 mm. 
long, boat-shaped, smooth, yellowish brown. 

P. ovata is indigenous to the Mediterranean regiem 
and West Asia, extemling up to Sutlej and Sind in 
West Pakistan. It has been introduced into India and 
cultivated for its seeds which are mainly valued for 
their husk. Its cultivation on a commercial scale is 
confined to the districts of Banaskaniha and Meh.sana 
in North Gujarat, It is also grown to a very small 
extent in Patiala and llissar districts of Punjab 
and in Uttar Pradesh. Outside India, it is cultivated 
on a limited scale in some areas of West Pakistan 
fSampson. Kciv Puli, Addl Scr., XII, 1936, 144 ; 
Brochure on the Marketing of Isubgol in India, 
Brochure Ser., No. 4, 1949, 1-3 ; Jagjit Singh, Indian 
For., 1962, 88 , 907 ; 1964, 90 , 500 ; Khan, Punjab Fr. 
/., 1957. 21(76), 31]. 

Attempts have been made to cultivate it in U.S.A., 
and a project was started to obtain improved types 
by selection, hybridization and induction of poly- 
ploidy. While tetraploids showed greater vigour, 
larger seed .size and greater quantity of mucilage. 
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I-IC.* Sl-PLANTAGO OVA FA-FLOWERING PLANT 
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rli^'v were less fertile than diploids (Chandler, Contr. 
Hoyce llioinpsott hist., 1954, 17 , 495). 

Cultivation- P. ovata is a hardy crop and tan be 
grown on a variety of soils, hut it does well on rich, 
well-drained loamy soil. It is recommended as a suit- 
able crop where soils arc sandy or ^oradu in Gujarat. 
Cool and dry weather is favourable to the crop. Rainy 
and cloudy weather at the time of maturity and frost 
at the flowering stage alTec i adversely both yield and 
(piality of the seeds \RroL'hurc Afarkctinff Isuhfrol, 
1949, 2 ; Vachhani, Indian Pmg, 1943, 4, 417 : Joshi 
& Tahiliani, Farmer, 1956, 7 (io), 77]. 

'rhe land should be given a thorough preparatory 
tillage of 4-6 ploughings and hrought to a fine tilth. 
No manure is usually given, but if need be, 30-35 
cartloads of well-rotten farmyard manure should be 
applied to a hectare of land. The land after being 
levelled and pressed with a plank is laid out into 
small compartments to facilitate irrigation. Sowing 
is done hy the end of October continuing up to the 
middle of December. Seed is .sown broadcast or drilled 
in lines 30 cm. apart. The seed rate varies from 6 kg. 
to 13 kg. per hectare. Seeds arc gently mixed in the 
soil with a broom made of weeds. Recent experiments 


show that better yield can be had by sowing seeds 
by the middle of October in rows 22.5 cm. apart with 
a seed rate of 7 kg. per hectare | Joshi & Tahiliani, loc. 
cit. : Vachhani, loc. cit. : Khan. loc. cir. ; Brochure 
Marketing Istihgoi, 1949, 2 ; Singh ct aL, Agric. 

Hush., Uttar Pradesh, 1955-56, 6(6), 29]. 

The crop is given 5-8 irrigations till it attains 
maturity. Idrst irrigation is done immediately after 
sowing. If the seed fails to germinate within four 
days of sowing, then a second light watering is given. 
Generally first irrigation is done 20 30 days after 
.sowing, and subse(|iient irrigations at an interval of 
7-10 days. Weeding is done when the crop is about 
I'/i months f)ld. 'Ihe plant gives out profuse tillerings 
and the tillers vary from 25 to 80 in iiumher depend- 
ing on the fertility of the soil. If the crop is drilled, 
one or two hoeings arc needed. Karhead formation 
starts after ij/i months and flowering .starts after two 
months of .sowing (Jo.shi Tahiliani, loc. cit. ; Khan, 
loc. cit.). 

The crop is ready for harvesting in ahout 3^-4 
months from .sowing, ''riie spikes are harvested in 
March-April when they turn red. Harvesting is done 
in the early morning when a little dew is present 
which prevents seed shedding. Plants are cut 15 cm. 
above the ground with a .sickle ; they arc then 
brought to the threshing yard where threshing is 
done. The threshed material is winnowed, .sieved 
and repeatedly winnowed till the seed is clean. The 
yield of seed varies from 50(^ to i,iw kg. per hectare 
(Joshi & Tahiliani, loc. cit. : Vachhani, loc. cit. ; 
Khan, loc. cit.). 

Processing — ^The seeds of P. ovata arc mainly 
valued for their mucilaginous hu.sk, a thii! white 
membrane, covering the concave side of the seeds. In 
India, hu.sk is often .sold .separately. The husk is 
separatcii from the seeds hy crushing and winnow- 
ing. Crushing is done with emery grinders or flat- 
stone grinding mills wdiich tnay be hand- or power- 
driven. The seeds after thorough cleaning are passed 
through the.se mills six to .seven times for complete 
removal of the husk. The crushed material consLsting 
of husk and kernel is sieved to remove kernels, after 
which it is pa.ssed through screens of 30, 40, 6r), 70, 80 
and 100 mesh to separate it out into products of 
different finene.ss, such as Ordinary shell (also called 
Broken .shell), Flat husk and Powdered husk. The 
hiLsks obtained (total yield, 26-27%) from the diffe- 
rent millings vary in (|uality and are kept .separate 
and mixed in different proportions according to the 
quality in demand. Most of the factories engaged in 
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the processing of isubgol husk are concentrated in 
Banaskantha and Mehsana districts of Gujarat. The 
important centres arc Sidhpur, Unjha, Patan and 
Palanpur (Brochure Marketing Isubgol, 1949, 5; 
I.P.C.p 126; Joshi & Tahilianip loc. cit. ; Information 
from Messrs Sidhpur Sat-Isal)gol Factory, Gujarat). 

Composition and Utilization — Isubgol (Ispaghula, 
Spogel Seeds, Isafgul) consists of the dried ^eds of P. 
ovata and is used medicinally. Seeds contain over 
30 per cent of mucilage. The husk of the seeds 
contains all the mucilaginous matter and is some- 
times prescribed instead of the whole seeds. Both the 
dried seeds and husks are official in Indian Pharma- 
copoeia. Seeds arc hard, translucent, smooth, 
mucilaginous ; concave surface of the seeds contains 
the hilum covered with a thin membrane. The I.P. 
specifications for the seeds arc: wt. of 100 seeds, 
<0.17 g. and ^0.22 g. ; foreign organic matter, 
'^2,0% ; ash, ^3.0% ; acid insoluble ash, ^0.6% ; 
swelling factor: i g. of seeds agitated gently and 
occasionally during 24 hours in a 25 ml. stoppered 
cylinder filled to the 20 ml. mark with water, and 
allowed to stand for 1 hour occupies a volume, 
<10 ml. (Mantell, 132; I.P.C., 124; B.P.C., 1963, 
410: Chopra, 1958, 379; I.P., 353). 

The husk (Ispaghula Husk, Ispaghulae Testa; 
HiSDi—IsubgoUki-^usi ; Beng. — Isabguler bhusi ; 
Guj. — Kalai) is thin, boat-shaped (2-3 mm. x 0.5- 


1.0 mm.), white, translucent, odourless, with a bland 
mucilaginous tasve. According to I.P. it should 
contain: foreign organic matter, ^2% ; ash, ^2.9% ; 
acid insoluble ash, ^0.45% ; swelling factor: 1 g. of 
husk agitated gently and occasionally for 4 hours in a 
25 ml. stoppered cylinder filled to the 20 ml. mark 
with water, and allowed to stand for 1 hour should 
occupy 20 ml. and set to a jelly. Recent investigation 
on ispaghula husk suggests that for testing the 
purity of the drug the standards specified in I.P. need 
upward revision ; the proposed values are as follows: 
foreign organic matter, ^2% ; ash, ^2% ; acid 
insoluble ash, ^0.2% ; swelling factor, 55 ; and non- 
mobile gel vol., <([40 ml. The seeds and husk are 
stored in dry well-closed containers (I.P., 354 ; Atal 
& Kapur, Indian /. Pharm., 1963, 25 , 376; I.P.C., 
126). 

The dried seeds and husk are used as emollient, 
demulcent and laxative, and in the treatment of 
chronic constipation, amoebic and bacillary dysentery 
and diarrhoea due to irritative conditions of gastro- 
intestinal tract. Isubgol preparations are given after 
colostomy to assist the production of a smooth solid 
faecal mass. In indigenous medicine the seeds arc 
considered cooling and diuretic as well, and recom- 
mended in febrile conditions and the affections of 
kidneys, bladder and urethra. A decoction of seeds is 
prescribed in cough and cold, and the crushed seeds 
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made into a poultice arc applied to rheumatic and 
glandular swellings (I.P., 353-54 ; Chopra, 1958, 380, 
382 ; I.P.C., 125 ; U.S.D., 1955, 1070). 

The efficacy of isubgol is due entirely to the large 
quantity of mucilage present in the husk. The 
action of isubgol is purely mechanical, the effective 
constituent being the seed husk which swells into 
a jelly-like mass with cold water. Isubgol mucilage 
relieves constipation by mechanically stimulating the 
intestinal peristalsis. The mucilage has been found to 
be practically unaffected by the digestive enzymes 
and bacteria and passes unchanged through the intes- 
tines ; during its passage the mucilage lines the 
mucous membrane, and exercises a soothing and 
protective action as a demulcent, emollient and 
lubricant. The toxins present in the gut are alisorbed 
by the gel of the mucilage and thus are prevented 
from al)sorption into the aystem. The seeds (dose 
5-15 g.) are soaked in water for several hours before 
being taken since as such they may cause irritation 
in inflammatory condition of the alimentary tract, 
and may lead to spasm and an increase in consti- 
pation. As the retention of seeds in the intestine may 
also form a nucleus for mechanical obstruction, the 
seed husk (dose 0.5-2.0 g.) is preferred to whole seeds 
especially in acute conditions. The mucilage acts in 
very much the same way as liquid paraffin, but is 
considerably cheaper and is free from the injurious 
effects produced by the habitual use of paraffin, viz. 
malignant disease of colon, eczema ani, paraffin pains, 
etc. (I.P.C., 125-26; Chopra, 1958, 381-85). 

The mucilage of isubgol is colloidal in nature and 
its composition varies with the conditions of prepara- 
tion. It is mainly composed of xylose, arabinose and 
galacturonic acid ; rhamnose and galactose have also 
been reported. Two polysaccharide fractions have 
been separated from the mucilage. One fraction (eq. 
wt., 700 ; uronic acid, 20%) is soluble in cold water 
and on hydrolysis yields d-xylose (46%), an aldo- 
biouronic acid (40%), I-arabinose (7%), and insol. 
residue (2%); the other fraction (eq. wt., 4,000 ; uronic 
acid, 3%) is soluble in hot water forming a highly 
viscous solution which sets to a gel on cooling and 
yields on hydrolysis d-xylose (80%), I-arabinose 
(14%), aldobiouronic acid (0.3%), and trace of d-galac- 
tose (Whistler & BeMiller, 445-46 ; Smith & Montgo- 
mery, 360-64). 

The seeds contain in addition to mucilage, a semi- 
drying fatty oil (5%), small amounts of aucubin, and 
tannin, and an active principle exhibiting acetyl- 
choline-like action. The fatty oil solidifies at -8°, and 


has a bright yellow colour and the following characte- 
ristics: sp. gr.**‘, 0.9212 ; n»‘, 1.4737 ; [a]*®‘, -0.1° ; 
acid val., 5-166; sap. val., 181.8; iod. val., 116.0; 
acet. val., 37.7 ; Hehner val., 91.8 ; and unsapon. 
matter (containing sitosterol), 1. 8-2.0%. The consti- 
tuent fatty acids in the oil are : linolenic, 0.2 ; 
linoleic, 47.9 ; oleic, 36.7 ; palmitic, 3.7 ; stearic, 6.9 ; 
and lignoceric, 0.8%. The embryo yields 14.7 per cent 
of a linoleic acid-rich oil (iod. val., 120.2 ; linoleic 
acid, 53.4%) whose use has been suggested as a 
dietary hypocholesterolemic agent in place of corn 
oil. Feeding of the embryo oil as dietary supplement 
for lowering the serum cholesterol level gave encour- 
aging results in experimental animals (I.P.C., 125; 
Chopra, 1958, 380 ; Sanghavi, Bombay Technol, 
1962, 12 f 131 ; Pendse & Dutt, Proc. Acad, Sci,, United 
Provinces, 1934, 4 , 133 ; Pendse, Proc, nat, Acad, Sci, 
India, 1937, 7 , 137 ; Atal et al,, Indian /. Pharm,, 
1964, 2^ 163). 

Extracts useful in food and pharmaceutical indus- 
tries can be prepared from isubgol. The seed muci- 
lage is used in cosmetics and as a basic stabilizer 
in ice-cream industry. It is also useful for sizing 
purposes and for the preparation of chocolates. Made 
into a paste, the husk forms an excellent thickener 
either alone or in mixture with wheat starch paste. 
A jelly useful as a substitute for agar-agar can be 
obtained by treating the husk with hot caustic soda 
solution and subsequent neutralization. The husk has 
been found to act as a good binder and disintegrant 
in compressed tablets. The deep red, hard, husked 
seed kernels (Guj. — Gola, go/f), mixed with guar are 
used as cattle feed [Bhunvara & Khorana, Indian /. 
Pharm,, 1950, 12 » 68 ; Aggarwal, Indian Pat., 
No. 50048, 1955 ; Brochure Marketing Isubgol, 1949, 
6-8 ; Joshi & Tahiliani, loc. cit. ; Ramachandran & 
Venkataraman, /. Soc, Dy, Col,, 1938, 54 , 462 ; Patel 
& Alex, Pharmaceutist, 1966, 12 ( 6 ), 13 ; Mithal & 
Bhutiani, Indian J, Pharm,, 1967, 29 , 329 ; Williams, 
Agric, Handb, U.S, Dep, Agric,, No. 172, i960, 25]. 

Alcoholic extracts of the seeds exhibit cholinergic 
properties. They lower the blood pressure in anaes- 
thetized cats and dogs, inhibit the isolated and 
perfused hearts of rabbits and frogs, and stimulate 
the movements of intestines of rabbits, rats and 
guinea-pigs. The activity of the extract on smooth 
muscle is inhibited by atropine (Khorana et al, 
Indian /. Pharm,, 1958, 29 , 3). 

Substitutes and Adulterants— The seeds are 
frequently mixed with seeds of Salvia aegyptiaca 
linn, which also yield copious mucilage. Commer- 
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cial sample of isuhgol may consist of the seeds of P. 
arenaria Waldst., P. Uimeolata and P. major, besides 
P. ovata and P. psyllium. They can be identified by 
their external colour, shape and outline (I.P.C., 125). 

Production and Trade — Complete data relating to 
the area under cultivation of isuhgol and the produc- 
tion of seeds and husk in India are not available. As 
isuhgol is mostly grown in Mehsana district of 
(hijarar. its area under cultivation and production of 
husk in this district is given in Table 1. India is the 
main supplier of isuhgol seeds and husk to the world 
market. More than 800.000 kg. of isuhgol seeds 
and more than 3 million kg. of husk are estimated 
to he exported annually. U.S.A. is the chief importer 
of isuhgol seeds and husk. The (|uantity of seeds and 
husk exported from India is given in Tables 2 and 3, 
respectively. For export, husk is packed under three 


TABLE 1— AREA UNDER CULTIVATION OF P. OVATA AND 
PRODUenON OF HUSK IN MEHSANA DISTRICT (GUJARAl)^ 



Area 

(hectares) 

Froihiction of 
husk (tonnes) 

1958 59 

4.587 

4.659 

1959- 60 

4.455 

4.697 

1960 61 

5,186 

6.461 

1961 62 

5.067 

4,766 

1962 ri5 

5.554 

5.455 

1965 64 

ii.a. 

n.a. 

1964 65 

6,560 

5,605 

1965-66 

11,146 

8,456 

1966 67 

6,929 

2,445 


* Infornintion from Director of A);ricii1tiire. (>iij;ir.it. 
ii.a. — not availal)lc. 


TABLE 2-EXPORTS OF ISUBGOI. SEEDS 
(Oty in kj?.) 


T'otal 



LI.S.A. 

Derma 11 y 

U.K. 

Pakistan 

France 

Belgium 

Others 

t — 

QD' (kg.) 

Val. (Us.) 

1957 

129,057 

7.061 

15,510 

8,078 

7,112 

12,701 

12,446 

189,745 

.W0,052 

1958 

62,994 

8,992 

11,529 

112,780 

8,455 

4.9/? 

9.754 

219,261 

211,7.\S 

1959 

164,544 

55.190 

15,158 

81,690 


4..S>| 

7,566 

524,269 

588.804 

1960 61 

151,661 

57,725 

10,222 

56.205 

8.255 

4.098 

20,845 

268,985 

445,680 

1961 62 

72.157 

155,452 

16,841 

55.455 

8,128 

10,652 

59,569 

518,014 

542,541 

1962 65 

61,964 

87.241 

4,202 

20,159 

2,055 

5.809 

7,765 

187,151 

276,141 

1965 64 

128.185 

166.117 

8.970 

447 

6,194 

7.559 

4,664 

521,926 

859.56 1 

1964^5 

90,415 

75,175 

29,700 

8,185 

15,507 

8,128 

10,.S06 

257,614 

620,700 

1965 66 

65,419 

249.162 

1,291 


6.096 

5,740 

5,.S06 

.'^29,214 

.571,519 

1966 67 

201.107 

246,876 

14,797 


7,644 

6,895 

406.7.M 

884,055 

1.782,641 


U.S.A. 


U.K. 

TABLE 3— EXPORTS 
(Qty i 

Pakistan 

OF ISUBGOL 
in kR.) 

France 

HUSK 

Others 


'rntal 





Qiy (kg.) 

Val. (Us.) 

1957 

1,180,557 


112,851 

92,510 

41,150 

6,604 


l,4.L^,652 

4.755,401 

1958 

1,177,458 


.55.561 

152,746 

20,575 

16,867 


1,585,187 

.5,785,290 

1959 

1,281,528 


78,641 

117,657 

17,984 

12,192 


1,507,802 

4.425,658 

1960 61 

555,845 


95,904 

127.547 

55,868 

14,184 


807,548 

5,070,221 

1961 62 

1,525,711 


95,641 

94,965 

67,985 

18,.H8 


1.800,648 

6,044,245 

1962 65 

975,224 


47,106 

129,448 

112,956 

19,270 


1,284,004 

5.726,904 

1965 64 

1,585.255 


6.5.140 

99,997 

158,664 

19.521 


l,626,.LvS 

8,696,095 

l%4-65 

1,808,508 


95.175 

107,425 

192,901 

25,049 


2.229.056 

15.0.L5.915 

1965-4)6 

2,540,469 


HM).365 

35,470 

171,564 

27,725 


2,675,591 

16,974.205 

1966^ 67 

. 3.254.989 


66,851 


19.S,770 

62,779 


5.580,589 

22.541,597 
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qualities, viz. 50, 60 and 70 mesh dean ; at present 
most of the exports consist of 70 mesh clean. In the 
pre-war period, France was the only serious com- 
petitor for India in the isuhgol trade. The French 
product consists of seeds and husk of R psyllium, the 
(jualiry of which is, however, reported to be inferior 
to that of the Indian produce obtained from P. ovata 
{Brochure Marketing Isuhgol, 1949, 6, 9). 

Isuhgol husk, commonly known in commerce as 
Bliusi or Sat isuhgol, is available in the market in 
various grades. There arc no well-defined or commonly 
accepted standards of (jiiality in vogue and each 
manufacturer prepares his own grades hy mixing 
varying proportions of husk obtained from different 
millings. The (|uality of husk is determined hy its 
size, colour, presence of red scrapings of the upper 
layer of the kernel, husk powder and dust. Husk of 
large size, white in colour and free from red scrap- 
ings, is the best. Husk of superior (|uality is packed 
in cardboard containers of 0.45, 0.23 and o.ii kg. 
capacities ; it is sometimes adulterated with powdered 
parched rice (Brochure Marketing Isuhgol, 1949, 6). 

P. psyllium Linn. Black Psyllium 

FI. Br. Ind., IV, 707 : Chohan & Shah, /. Bombay 
nat. Hist. Soc., 1965, 62, 327, Fig. 1-4. 

Hindi Kala isahgol. 

An erect, much-branched annual herb, 30-^5 cm. 
tall, native of the Mediterranean region (especially the 
south of France), and found growing in cultivated 
fields in Ciijarat. Leaves opposite or sub-opposite, 
apparently whorled, narrowly linear ; flowers rosy 
pink, in ovoid spikes ; fruits glabrous : seeds boat- 
shaped, yellowish brown, glabrous. 

P. psy/llium is fairly drought-re.sistant, and does 
well on a rich well-drained loamy soil. Seed is sown 
in September October by broadcast or in lines 30 cm. 
apart at the rate of 2-5 kg. per hectare. It does not 
retjuire much care except one or two hocings. It 
flowers in May and is usually harvested in the middle 
of June. An average yield of 300-400 kg. of seeds per 
hectare has been obtained (Luthra & Suri, Spec. Bull. 
Dep. Agric. Punjab, 1936, 15). 

The .seeds of P. psyllium (Psyllium Seed, Plantain 
Seed, Flea Seed) are the .source of the French and 
Spanish Psyllium of commerce and are popular 
mostly in Europe. They are considered inferior to 
those of P. ovata because they have much lower 
mucilage content. The seeds (i. 3-2.7 mm. x 0.6- 
i.i mm. ; 100 .seeds weigh 0.09-0.14 g.) are ovate to 
ovate-elongate, concavo-convex, light hrown to 


mcxlerate hrown, very glossy, nearly odourless and 
have a bland mucilaginous taste. One gramme of 
seeds agitated gently and occasionally with 20 ml. of 
water in a 25 ml. stoppered cylinder during 24 hours 
and then allowed to stand for one hour, occupies a 
volume of not le.ss than 14 ml. (U.S.IX, 1955, 1070; 
Steinmetz, II, 366: B.P.C., 1963, 6S4). 

The dried, rijie seed is used as a laxative in the 
treatment of chronic con.stipaiion. It acts as a hulk- 
providing medium and is taken (dose, 4 16 g.) with 
a draught of w^ater. Seed preparations are used to 
a.s.sist the production of smooth solid faecal mass 
after colostomy. The seeds are also demulcent and 
expectorant. Seed husk is useful in rheumatism and 
inflammation. Preparations of seed administered to 
rabbits in do.ses of 2 ml. /kg. hastened the blood 
clotting process (B.P.C., 1963. 6S4 ; Hoppe, 711 12; 
Chem. Ahstr., 1955, 49, S490). 

The seeds contain mucilage (10 12%) as the major 
constituent, together with a fatty oil, protein, oxalic 
and miicic acids, invertase, emulsin and the glyco- 



/..L/?./., ATi-Tt' Ih Jhi 
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side aucubin. The mucilage can be extracted from 
the seeds or peed coat with cold or boiling water, its 
composition depending on the method of preparation. 
It is composed of xylose, arabinose and galacturonic 
acid, the first being the principal sugar, llie mucilage 
is readily dispersed in water, and is odourless and 
tasteless. Psyllium mucilage acts as a thickener and 
can be employed as a protective colloid. It finds 
application in the sizing of silk, manufacture of 
paper, and as a substitute for gum arabic or 
tragacanth in dye printing. It is suitable for use in 
preparations for the care of skin and hair, and as a 
waterproofing agent in explosive compositions. 
Ground seed husk can be used as a stabilizer in ice- 
creams (U.S.D., 1955, 1070; Mantell, 131-36; Smith 
& Montgomery, 367-68 ; Mantell, Econ. Bot., 1949, 
3 , 22 ; Chem. Abstr., 1957, 51 , 720; 1943. 37 , 4856; 
1950, 44 ^ 10199). 

The seeds yield c. 7 per cent of a fatty oil having 
the following characteristics : d“', 0.924 ; 73.2 ; 

sap. val., 191; ether val., 181; R.M. val., 14)4; 
Polenske val., 7.67 ; iod. val., 124 ; and unsapon. 
matter, 1.21%. TTie oil contains: free acids (as oleic), 
5.04 ; soluble acids (as butyric). 0.82 ; and insoluble 
acids, 94.0%. It may be mixed with linseed oil and 
used in the preparation of varnishes. The oil cake is 
suitable as a feed (Eckey, 757-58 ; Chem. Absir., 
1940, 34 , 2625). 

The husk is reported to be eaten as an article of 
diet in West Pakistan. It is gathered dry from the 
wild plants and is consumed either raw or cooked. 
Analysis of the husk gave the following values: 
moisture, 8.30 ; protein, 1.40 ; ether extr., 3.40 ; avail- 
able carbohydrates, 84.55 * ^35 * 

1-98%; phosphorus, 57.8 mg.; calcium, 305.9 mg.; 
iron, 18.3 mg. ; and vitamin A potency, 4,000 LU./ 
too g. (Baloch & HajjatulVah, Pakist. /. sci. industr. 
Res., 1966, 9 , 87). 

P. erosa Wall, ex Roxb. syn. P. major Hook. f. (FI. 
Br. Ind.) in part, is a perennial herb found in Nepal, 
Sikkim, Khasi hills and Manipur. It possesses pro- 
perties similar to P. major and is used almost in the 
same way. 

P. himalaica Pilger syn. P. brachyphylla Edgew. is 
a perennial herb found in the Himalayas from 
Kashmir to Nepal at altitudes of 2,700-3,900 m. The 
leaves of the plant, slightly bruised, are used as an 
external application for wounds. 

Plantain — see Musa 

Plasma — Quartz and Silica 


Platanthera — see Habenaria 

PLATANUS Linn. (Platanaceae) 

A small genus of trees distributed in North 
America and from South-East Europe to West Asia. 
One species is cultivated in India. 

P. orientalis Linn. Oriental Plane 

D.E.P., VI(i), 288 ; FI. Br. Ind., V, 594. 

Kashmir & N. W. Himalayas — Chinar, buna, 
bonin. 

A large, graceful, deciduous tree, up to 30 m. in 
height and 12 m. in girth, cultivated chiefly in North- 
West Himalayas from Sutlej westwards at altitudes 
of 1,200-2,400 m. Bark greyish, exfoliating in large 
flakes ; leaves palmately 5-7-lobed, 12-20 cm. long, 
often broader than long; flowers monoecious, in 
dense, unisexual, globose heads ; fruiting head, 
c. 3 cm. in diam., consisting of numerous, small, 
I -seeded achenes. 

The plane tree is a native of eastern Mediterranean 
region from where it spread eastwards. It is commonly 
cultivated and highly valued as an ornamental tree 
in Kashmir. It has a short trunk and a roundish 
spreading crown and is mostly grown for shade in 
parks and on the roadside. It is seldom felled and is 
allowed to grow to large dimensions. The tree prefers 
moist deep well-drained soil and grows best near 
springs or streams ; it is quite frost hardy. It may be 
easily propagated by nursery-raised seedlings, cuttings 
and layering. Seeds, which arc small ancl light, are 
mixed with sand, loam and water and spread over 
well-raised nursery beds of fine soil containing con- 
siderable sand ; they may also be .sown in boxes. 
The year-old seedlings are preferred for transplanting, 
though larger plants can also be transplanted without 
difficulty. The best method of preparing cuttings is 
to tear off twigs about 30 cm. long and 2.5-5.0 cm. 
in diam. so that a strip of the parent branch remains 
at their base ; they should be planted fairly deep. 
The tree grows fairly fast, the mean annual girth 
increment being c. 2.5 cm. It is affected by the leaf 
spot diseases caused by Stigmina platani (Fuckel) 
Sacc. and S. visianica Sacc. The dead wood is reported 
to be attacked by the beetles Capnodis miliaris Klug., 
Aeolesthes saria Solsky and Batocera rufomaculata 
De Geer. [Troup, III, 893-94 ; Chaturvedi, Indian 
Fmg, NS., 1957-58. 7(5), 28; Bagchee & Ujagar 
Singh, Indian For. Rec., NS., Mycol., 1954, 282 ; 

Mathur & Balwant Singh, Indian For. Bull., NS., 
No. 171(7), 1959.4a]- 
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The wood is white, tinged with yellow or red; 
heartwood not distinct, iine^ained, moderately hard 
and heavy (wt. c. 657 kg./cu.m.), but not strong. 
It warps during seasoning and is durable only 
under cover. It* is easy to saw and presents a 
decorative figure when quarter sawn. It can be 
finished to a smooth surface which takes a beauti- 
ful polish. In Kashmir, the wood is mostly used 
for small boxes, trajrs and nmilar articles which 
are lacquered and painted. In West Asia and 
Europe, it is used for cabinet-malung, furniture, 
veneers, carving, coach-building, general turnery 
and for wood pulp. It has been reported to be suit- 
able for boot lasts (Gamble, 661 ; Titmuss, 109 ; 
Streets, 616 ; Uphof, 386 ; Ishaq, Pakist. /. For., 1957, 
7 , 30 ). 

*rhe bark possesses antiscorbudc and antirheumatic 
properties, ^iled in vinegar, it is g^ven in diarrhoea 
and dysentery. Bruised fresh leaves are applied in 
ophthalmia. The bark contains 1.5 per cent of 
platanin ; it also contains 5.9 per cent tannin and 
7.3 per cent non-tans. The shoots and leaves contain 
allantoin ; phlobaphene (6%) has been reported from 
the roots. 'The sap of the tree contains up to 90 per 
cent mannitol. A substance which shows g^bberellin- 
like aaivity in tests on dwarf peas, has been separated 
from the buds. Plaunolic acid, a triterpene, is found 
in most parts of the plant except in the fruits. 
Platanolic add, platanin and platanol, isolated from 
this plant by various workers, are all probably 
identical with betulinic add (Steinmetz, 1957, 866; 
Kirt. & Basu, III, 3346 ; Wehmer, I, 433, suppl., 164 ; 
Client. Abstr., 1964, 61 , 8633, 8836 ; 1949, 43 , 730 ; 
1950, 44 , 8061 ; Tej Singh et al, Indian For., 1958, 
84 , ^i). 

PLATINUM MINERALS 

D.E.P., VI(i), 388. 

Hindi— sona. 

Platinum occurs in nature generally in the metallic 
condition, and with it, in varying proportions, five 
other elements, viz. ruthenium, rhodium, palladium, 
osmium and iridium, are usually associated. This 
group known as platinum metals is assuming 
increasing industrial importance because of their 
thermal, electrical, catalytic and corrosion-resistant 
properties. The major part of c. three million troy 
ounces of the world production is consumed by 
chemical and electrical industries and a compara- 
tively minor portion is used for jewellery and 
decoration. 


The platinum metals occur as native alloys with 
one another, both in primary deposits and in placers. 
Native platinum (alloy containing over 50% Pt) is 
found generally in very small quantities, as grains or 
scales or nuggets, widely distributed throughout the 
world, particularly in the U.S.S.R. (Perm district in 
Urals), Q>lombia, Abyssinia, U.S.A., Australia and 
Canada. Palladian is a native platinum containing 37 
per cent palladium. Native palladium resembles 
native platinum in appearance and contains small 
quantities of platinum and iridium. Iridium is also 
found associated with platinum in platiniridium and 
with gold and osmium in aurosmiridium. Iridium is 
most often alloyed with osmium in iridosmine 
(Ir> 08 ) and siserskite (Os>Ir). Rhodium is a minor 
constituent of native platinum. The minerals which 
bear platinum metals include sperrylite (PtAs,), 
cooperite (PtS), braggite (Pt, Pd, Ni)S, stibiopalladinite 
(PdaSb), potarite (PdHg) and laurite (RuS,) (Beamish 
et aL in Hampel, 305-07). 

The primary deposits of platinum metals are of two 
main types. The first type occurs as disseminations or 
local concentrations of the metals in olivene-rich 
rocks, particularly in dunite, often associated with 
chromite. The placers are formed as a result of erosion 
of these deposits. Extensive deposits of this type occur 
in the Ural mountains and in Overwacht in Transvaal 
(Union of South Africa). The second type of primary 
deposits includes the magmatic nickel-copper sulphide 
deposits which are generally associated with norite, 
and make up the greatest known reserves of platinum 
metals. The most important deposits are in the 
norite belt of the Bushveld igneous complex in 
Transvaal and in the Sudbury district of Canada. The 
content of platinum metals i$ 4-10 p.p.m. in the 
Transvaal deposits, and 0.5 p.p.m. in the Sudbury 
ores {platinum Met. Rev., 1961, 5 , 105 ; Beamish et al. 
in Hampel, 305, 310). 

The U.S.S.R., the Union of South Africa and 
Canada are the biggest producers and together 
account for over 90 per cent of the world production 
of platinum metals ; U.S.A. and Colombia contribute 
small quantities (Table 1). A few kilograms have been 
produced in the Philippines. Platinum metals are 
reported to occur in some parts of India but the 
occurrence is of no commercial importance. The 
entire requirement of the country valued at Rs. 2-4 
million a year is met by imports (Emp. Commonw. 
Yearb., 1959-60, 551 ; Mining Developments in Asia 
and the Far East, U.N. Mineral Resources Series, 
No. 19, 1961, 63). 
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TABLE 1-WORLD PRODUCTION OF PLATINUM METALS* 
(Qiy in troy o/.) 



I%2 

196.4 

1964 

196.4 

1966 


S00,<)00 

800,000 

i ..400, (MM) 

1,700, (MM) 

|,7(M),000 

South Alrici 


.^05,183 

604,1.45 

7.4.4.820 

784,(MM) 


470,792 

.LS7,6.S4 

.476.2.48 

4.42,06.4 

.496,0.49 

I'.S.A. 

29,804 

.41,9.48 

44, .40.4 

.48,161 

.42,661 


14,100 

22,98.4 

20,647 

11,141 


• Statist. Sanim. Miner. 

/w/.. I960 6.4, .411 ; 

: 1961 66. 

.405. 


DlSlKlHUnON 

In India, platinnin metals have been reported to 
occur in minute (|uanrities in gold washings from the 
sands of several rivers. In Assam, platinum and 
iridosmine were identified in gold concentrates 
obtained from the auriferous gravel of Noa-l)ihing 
river, which drains the flanks of the Patkoi hills and 
Arakan Yomas. Flakes of platinum have been 
obtained from the samples of stream gold from 
Singh 1 ) 1 ) imi and Matihhiiin districts of Bihar, and 
also from Brahmani river in Orissa. They have also 
been reported from Tavi river in Jammu & Kashmir, 
and Kolar district in Mysore. Platinum (0.6-1. 3 p.p.m.) 
has been found in bauxite from the Tungar Hill 
near Bassein in Maharashtra. Alloyed with gold and 
(’opper, platinum occurs in association with bauxite 
iti Dhangawan tpiarry about 55 km. from Jabalpur 
on the Katni road, '^riiree samples of this bauxite 
on analysis showed 22, 15 and 1 1 p.p.m. of platinum 
respectively ; another set of analysis gave 35-39 p.p.m. 
(Coggin Brown & Dey, 142-.I3 ; Mallet, Rcc, geol, 
Surv. India, 1882, 15 , 53 ; Dunn, Afem, gcol. Surv, 
India, 1941, 78 , 233: Chhibber, /. .vc/. indnsir. Res,, 
1947, 6B, 81 ; 19.15-46, 4 , ^50: Sastri, ibid., 1947, 
6B, 82). 

Fxikaction and Rkfimnc 

The process of isolation of platinum metals from 
the Canadian ores is integrated with the process 
(Muployed for the extraction and refining of nickel 
and copper from these ores. The platinum metals arc 
recovered as byproduct concentrates when the 
preciotis metal alloy, formed during the process, is 
subjected to electrolytic refining. kVoin the South 
African ores, the concentrates of platinum metals 
arc obtained by combined gravity and flotation 
concentration. 

The coticentrates are treated with aqua regia, and 
from this solution platinum and palladium are 


obtained rcwspectively as ammonium chloroplatinatc 
(NH,)j PtClft, and diammine palladium chloride 
Pd(NH3)2Cl2. The residue is converted into a lead 
alloy, from which through a complicated method of 
separation, rhodium is isolated as' ammonium (or 
potassium) nitritorhodite (NH.,)aRh(N02),., ruthe- 
nium as oxide RuOs, osmium as osinyltctramminc 
chloride 0s0.2(NIl3),Cl2, and iridium as ammonium 
chloroiridate (NIl,).^IK^h. Except platinum, which is 
obtained from the ammonium chloroplatinatc on 
ignition in air, the other metals of the group are 
obtained from their .salts by igniting them in an 
atmosphere of hydrogen. Platinum metals are also 
recovered from native alloys and the scrap derived 
from the old dental alloys, jewellery, laboratory 
ecpiipment, spent catalysts and sweepings aiul spillage 
from refiners and electroplaters (Beamish cl al, in 
Hampel, 310-14). 

I'or melting platinum metcTls, zirconia- and thoria- 
lined crucibles arc used in an induction furnace. 
Extremely pure platinum metal such as reejuired for 
research or for certain electrical application is pro- 
duced in a vacuum arc furnace with a water-cooled 
copper crucible and a tungsten electrode in argon 
atmosphere : the gaseous impurity from the metal is 
removed through annealing in vacuum (Beamish 
ct al, in Hampel, ^1^-16; Rhilinnm Met. Rev,, 1963, 
7 , 136). 

Propertte.s and Uses 

All platinum metals are available in the form of 
sponge and as salts ; the largest portion of commercial 
production, however, consists of platinum and 
palladium. They share almost cxjually about 96 per 
cent of the total consumption of thc.se meials. 'Fbey 
are obtained in the form of sheet, wire, foil, and 
ribbon of various grades of purity. The industrial 
application of these metals depends chiefly upon 
their high fu.sing points and their resistance to 
chemical attack. 

Platinum (m.p., 1773.5° : d, 21.37) is a greyish 
white metal .softer than silver : it is hardened by 
alloying with other metals. I'he purest platinum 
(99.99%) is used for resistance thermometers and 
thermo-couples. Platinum is u.sed for surgical tools, 
standard weights and measures, laboratory-ware and 
lining the reaction ve.s.sels in chemical industry. 
Platinum-clad anodes arc used in electrolytic work, 
often for the large over-potential of oxygen on them ; 
an alloy with iridium (10%) is employed in the 
manufacture of peroxy bo rates, perchlorates, and 
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peroxysiilphatcs. In glass industry, platinum is used 
as a colourant and alloyed with rhodium in the 
equipment for handling molten glass. Finely divided 
platinum is used as catalyst in the inanufactiire of 
sulphuric and nitric acids, reformation of petroleuir., 
certain hydrogenation reactions and |)urification of 
gases. 

Platinum is employed in electrical industry for 
contacts and sometimes fuses. It is used alloyed witli 
ruthenium, palladium or tungsten for spark plug 
electrodes of aircraft engines ; with tungsten (4 Vo) fo* 
radar tube grids, with nickel as l)ase for thermionic 
cathodes coaterl with metallic oxides, with rhodium 
(10-20%) for windings in high temperature furnace?, 
and with cobalt (c. 50V0) for |)owerfid ferro-magnets 
fitted in electric watches with permanent magnei- 
motor. Considerable (juantity of platinum hardened 
with iridium (5-10%), ruthenium (5V;.) or copper 
(3-5V0), is used in jewellery ; white gold is an alloy 
of gold with small percentage of platinum. A hard 
alloy with iridium (25-30‘X)) is used in pen tubings, 
hypodermic needles, radium apj)licators and various 
small accessories (Beamish cl al, in Hampel, 316 31 ; 
Banerjee, Proc. nat, Inst, Sci, Ind'uty 1953, 19, 291 ; 
1954. 20, 19 ; van Nostrand, 1958, 1274). 

Palladium (m.p., 1553 ’ ; d, 12.16), because of its 
lower price and density, replaces platinum wherever 
feasible. Alloyed with silver (40%) or copper (40'X»), 
it is used for electric contacts carrying low currents, 
aiid with gold (c. 50 ‘X.) for temperature-limiting fuses. 
Other alloys with these metals or platinum are used 
in dentistry. A moderate amount of palladium alloyed 
with ruthenium (4.5V0) or ruthenium and rhodium 
(4 and I 'X> respectively) is used in jewellery ; palladium 
j)rodurcs w'liiter gold than platinum. As a catalyst, 
palladiuiii is mainly effective in hydrogenation 
reactions and is used in the synthesis of a nuinher of 
chemical products. Addition of o.i-i.o per cent <jf 
palladium or platinum to 18 -9 stainless steels makes 
them resistant to sidphuric acid, and o.i per cent 
palladium in titanium protects it against boiling 
sulphuric and hydrochloric acids (Beamish et al. in 
Hampel, 331-32; van Nostrand, 1958, 1186). 

Rhodium (in.p., 1985° ; d, 12.44) provides a hard 
and lustrous surface and is used for electroplating 
sliding electric contacts, quality instruments, silver 
jewellery, mirrors and reilectors ; it is also siddimed 
on to glass for making mirrors and interference 
filters for light. Ruthenium (m.p., 2450® ; d, 12.06), 
mainly used as hardener for palladium and platinum, 
can he subjected to rolling, drawing and welding for 


the fabrication of simple components. A ruthenium- 
containing catalyst is used in specific cases for the 
reduction of carbonyl groups, even in the presence of 
an olefinic linkage. Iridium (m.p., 2350” : d. 22.42) is 
u.sed in the procluction of alloys of great hardness, 
for lips of fountain pen nihs, long life |)honograph 
needles and in.striiment pivots. Osmium (m.p.. 2700" : 
cl. 22.^8) is used for the .same purpose as iridium and 
is employed as a caialyser in the synthesis of 
ammonia (Beamish ct al. in Hampel, 332-33 ; van 
Nostrand, ic/^8, 1419, 1444. 902, 1171 : Rhys cV Price, 
Enfrrlhard bids tccli. Bull., 1964. 5, 37). 

iMeoicrs .\Nii Prick-s 

The platinum metals are imported from U.K.. 
U.S.A., U.S.S.R. and Germany as worked or un worked 
metals and as salts. 'Phe import of platinum (Table 2) 
has shown marked increase in recent years. 'The 
value of palladium imported during i(X)3 (Marcli 
December), u/)4. 1966 (July-December), and 1(^67 
was respectively Rs. 79.197. Rs. 128,284. Rs. 183.337 
and Rs. 243,494. No import of palladium was 
recorded during ic;65 (January August) (East. Met. 
Rev., 1964-65, 17, 17 1 : icy)5--66. 18, 169 ; ic/)6-67, 19, 
18 1 ; i(;67-68, 20 , 179 ; 1968-69, 21, 153). 

The New York dollar ])rices jter troy ounce for 
platinum metals in 1(^65 and 1966 were as follows: 
platinum. 97-100; palladium, 32-34; o.smiiim, 300- 
350: rhodium, 182 -185; and ruthenium, 55-60. The 
rupee price of U.S.A.-produced platinum per troy 
ounce in 1965. i(;66 and i(;67 was 460-480, 465 -750 
and 750-840 respectively \ffidiaii Miner., 1965, 19, 
204; 1966. 20, 1 18; Indian Min. & Enirni;^ /., 0X15, 
4(2), II ; ic/)5, 4(6), II : i(;66, 5(i), ii ; 1966, 5(6), 17 ; 
h/)?. 6(1). 7 : 1967, 6(6). 6|. 


TABLL’ 2-IMPOIMS OF PI.ATINUM 


Yi-;ir 

i)iy 

(Wr.) 

Val. 

(ihmisaiiil Rs.) 


119 

1.55.1 

IW»2* 

112 

l..V)0 


191 

],HMt 

1%4* 

.W 

.1.7S9 

lyrot 

219 

2.442 

l%C)t 

l.U 

2..U4 

l%7t 

152 

5.022 

♦ hitiian \Utu’r. Yturh., I%4, 16S. 
t A/ow. Bull. Miner. Stnlisl. Inform., 

1906, 6(11 A: 12), 1: 


l%7, 7(11 & 12). J:S\. 
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♦PLATOSTOMA Bcauv. (l^ahiatae) 

A small genus of herbs distributed in India and 
tropical Africa. One species has been recorded in 
India. 

P. africanum Beaiiv. syn. P. jlacculum Bentb. 

FI. Br. Ind., IV. 6ii : Miikerjee, Rn\ hot, Surv. 
India, 1940, I 4 (i), 34. 

An erect, slender annual, 10-30 cm. high, found 
in Orissa, Konkan and Mysore at altitudes of 3(X>^ 
i.(xx> III. Leaves membranous, ovate, serrate ; flowers 
pale blue or lilac, in racemes ; nutlets lirown or black, 
ovoid, mintitely reticulated. 

Tlie plant possesses a slight mint- or sage-like 
odour. In North Nigeria, it is used for fever. *^l'be 
leaves are given as local haemostatic in South Nigeria. 
In Cbana, the leaves and seeds are used for cough ; 
tliey are also chewed with salt to cure sore throat. 
The root is mixed with Tcp/iro.sw linearis Pers. to 
make a decoction for treating feverish chills ami 
rheumaiic symptoms (Dal/iel, 463). 

PLATYCODON A.IK:. {Canipauulaccav) 

Bailey, 1947, III, 3711. Fig. 3066. 

A monotypic genus, represented hy P, grandillorum 
A.nC. distrilnited in East Asia. It is an erect, hardy 
herhaccoiis perennial, 40-60 cm. high, introduced 
into India and cultivated in rockeries and borders. It 
hears lanceolate leaves and blue, lilac or white 
flowers. 

’'Fhc plant is a native of China and Japan and is 
rai.sed from seeds. It produces thick roots, which live 
for a niimher of years producing annual shoots. The 
roots constitute an important drug. The root possesses 
a haemolytic action due to the presence of a saptmin 
(c. 2';,',). platycodin (C,2ll,.Hf)i;, m.p. 230 31”), which 
on hydrolysis yields an inactive sapogenin, platyco- 
digenin (C;,„II,^()7, m.p. 242-43°), and glucose. Tlie 
action is stronger in the case of peeled roots and 
roots obtained from wild and violet-flowered plants. 
'I'he saponin is fatal to mice in doses of 60 -70 mg./ 
100 g. body weight. A(|ue()us extract of the roots is 
reported to he toxic to fish. The |)lant is reported to 
contain inulin and resinous sidistances (Gopala- 
swamiengar, 454 : Chnn. Absir., 1933, 27 , 4831 ; 1939, 
33 , 6448; 1937, 31 , 7599: 1940. 34 , 137. 767; 1954, 
48 , 4178 ; Roi, 299). 

The root is considered tonic, astringent and carmi- 
native. It is used as an expectorant : in Japan, it is 
given as anti-bronchi tic, and in Indo-China, as seda- 

* This is wrongly s|>L‘lt as Plalysloma ncaiiv. in many floras. 


five in cough and throat ailments. It is sometimes 
chewed along with tlie roots of liquorice, or used as 
a decoction prepared from both the roots. The plant 
in combination with other plants and laxatives enters 
into a preparation reported to he used in indigenous 
medicine in China in the treatment of appendicitis 
(Crevost & Petelot, Bull, ccon, Imlocli., 1934, 37 , 277 ; 
Roi, 299 : Quart. /. Crude Z)n/g Res., 1963, 3 , 437). 

PLECOSPERMUM Tree. {Mnraceae) 

A small genus of shrubs and trees di.strihuted in 
Malagasy. India and Burma. Two species occur in 
India. 

P. spinosum Tree. 

D.E.P., Vr(i), 290; FI. Br. Ind., V, 491 ; Alston, 
Fig. 183. 

Tei.. — Koriti, kodiari, alasale ; Tam. — Achingudi, 
daiyal ; Kan . — Bendaka ; Oriya Banahana. 

Ea.stern Hi.malayas — Gumhenfong, mainakat-lara, 
maidal-lara. 

A large, straggling, thorny shrub or small tree 
found in eastern Himalayas and Deccan Peninsula 
up to an altitude of 1,200 m. ; records of its occur- 
rence in the sub-Himalayan tracts of Punjab and 
Uttar Pradesh lack confirmation. Bark orange-brown, 
peeling oil in thin flakes ; leaves obovate or elliptic- 
oblong ; flowers in heads, small, dioecipus ; fruiting 
heads fleshy, lobed, c. 1.25 cm. in diam. 

The plant is found in open places and as hedges. 
It has a slow rate of growth with a mean annual girth 
increment of c. 1.3 cm. The sapwood is greyish ; 
heartwood small, orange-yellow, containing yellow 
resinous matter, very hard and heavy (wt., 
801 kg./cu.m.). The wood is reported to be suitable 
for tool handles and ornamental cabinet-work and is 
good fuel. Bark and wood have been reported to 
be used in Darjeeling Terai for dyeing silk yellow 
{Gamble, 634 ; Lewis, 352). 

P. afidamanicum King ex TTcx)k. f. is a large, 
woody, climber with stem, up to 15 cm. in diam., 
commonly found in forests of the Andaman Islands. 
It yields a very hard wood (Parkinson, 256). 


PLECTOCOMIA Mart. & Blume (Pahnac) 

D.E.P., VI(i), 290 ; C.P., 202 ; FI. Br. Ind., VI, 477. 
A small genus of scandent spinous rattans distri- 
buted in Indo-Malaysian region. Four species occur 
in India. 

P. himalayana Griff. (Nepal — Tokribet; Lepcha 
— Runool), with long .stem (diam., c. 2.5 cm.) and 
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argc pinnate, prickiy, nagciiiicroiis leaves, is very 
common in Sikkim and Darjeeling hills at altitudes 
of i,2(X)-2,ioo m. It yields soft canes occasionally 
used for lying fences and for rough basket work. 
It is also reported to l)e suitable for making crooks 
of umbrella bandies (Blatter, 275 : Badbwar et al., 
Indian For,, 1961, 87, 257). 

P. assamica (kiff. found in upper Assam and P. 
khasyana GriiT. of Kbasi hills are probably used like 
other canes. 

♦PLECTRANTHUS I/Herit. {Labialac) 

A large genus of herbs or iindersbrubs distributed 
in tropical and sulMropical Asia, Africa, Australia 
and Polynesia. About forty species occur in India. 

’ P. mollis Spreiig. syn. P. incanns Link 

FI. Br. Ind., IV, 621 ; Mukerjee, Rcc. hoi, Sun), 
India, 1940, 14(i). 47. 

Bo.MiiAY — Lal-agada; Mi ndari /bV sikinri ha. 

An erect coarse herb or undershrub, 30-120 cm. 
liigli, found in the temperate Himalayas from Simla 
to Sikkim up to an altitude of 1,750 111., and in Kbasi 
hills, Bihar, Madhya Pradesh, Deccan, Carnatic and 
western ghats (9(X)-i,8oo m.). Leaves ovate-cordate, 
acute or acuminate, crenate ; ilovvers pale lilac or light 
blue, in lax-iloweretl cymes in racemes : nutlets .sub- 
globose, smooth, pale brown, dotted with dark spots. 

The leaves and flowering tops of the [)lant gave 
(0.2 ml./ 100 g.) an e.ssential oil having the following 
characteristics: sp. gr."' ’’ , 0.8976; /r' " , 1.4900; 

— 1 1.7 1 : acid val., 4.18 ; and ester val., 41.67. 
The oil exhibited activity again.st Bacillus subtilis, B, 
dyscntcriac, Micrococcus pyogenes var. aureus, M, 
pyogenes var. alhus, Escherichia coli. Salmonella 
Ivphosa and Vibrio comma ; the activity of 10 mg. of 
the oil was found to he the same as that of 10 units 
of peni('illin G sodium. The essential oil possessed also 
a cardiac de|)ressant, respiratory stimulant, and vaso- 
constrictor action. It exhibited relaxant activity on 
smooth and skeletal muscles. Leaves and flowering 
tops contain, in addition to the oil, resin and tannin 
(Varma &L Sharma, Indian J, Fharm., 1963, 25, 189 : 
Sharma & Ali, ibid., 1966, 28, 31). 

The crushed leaves of the plant are used in Choia 
Nagpur to stop bleeding and to cure fever. They arc 
also u.sed as mosejuito repellent (Bre.s.sers, 120). 

* A nuinbiT *)f spcrics of this genus h.ivc been transferred to 
the genus IsotioH Sehrad. (Kudo, Mt'm. /•>«•. Sci. Agru-., I'aihaku, 
1929, 2, 37; Prov. Jap, Ass. Advattc. Sci., 1929, 5, l.>7 ; Codd, 
Taxon, 1968, 17, 2.t9). 



riG. U-PLfcClRANTHUS MOLM.S-FLOWEIUNG BRANCH 


P. rugosus Wall. 

D.K.P., Vr(i), 291 ; C.P., 124 ; FI. Br. Ind., IV, 62*) : 
Mukerjee, Rec. hot. Surv. India, 1940, I4(i), 47. 

Ka.shmik — Sold ; Punjab — Chhichhri, bui, piumar , 
Kumaun — Kurkha, 

An erect, aromatic shrub, 60-180 cm. high, found 
gregarit)usly in the western Himalayas from Kashmir 
to Garhwal at altitudes f)f 9(X)-2,8oo m., and in 
Bhutan, Mt. Ahu and Madhya Pradesh. Leaves 
ovate or elliptic, obtuse crenate: flowers white with 
rose or purple spots, in axillary cymes; nutlets 
oblong. 

'Fhe leaves of the plant are exceedingly aromatic 
and contain small (|uantities of an essential oil ; the 
oil content can be increased by proper cultivation. 
The plant is reported to be used in some places to 
keep off fleas. In Simla, it. is believed that the best 
honey is procured from localities where P. rm^osus 
abounds. 

P. macranthus Hook. f. is a sparsely hairy, peren- 
nial .shrub, 15-30 cm. high, with ovate or elliptic- 
lanceolate, serrate leaves and white flowers found in 
Sikkim ;ind Kbasi hills at altitudes of i,5(x>-2,4oo m. 
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'rhi* whole plant is criishal into a plaster used as 
an antiseptic lor sores (C'lieo, Bol, Bull, Acad, sinica, 
'947. 307). 

Plectranthus spp. — sre Microtaena 
Plectronia — see Canthium 

PLEIOGYNIUM Kngl. [Anacardiaceae) 

A small genus of trees distrihiited in Australia. 
One species has been introduced into India and grown 
as an ornamental plant. 

P. timoriense (DC.) Leeiihouts syn. P, snlaudri Kngl. 
Birdkkix Pu’m 

*Parker, 1 19 : Barrett. 74, Fig. 10. 

A handsome evergreen tree, 12 18 m. high, indi- 
genous to Queen.sland (Australia) and cultivated as 
an ornamental tree in Lucknow and Saharanpur in 
Uttar Pradesh and Kapurrhala in Punjab. Bark dark- 
grey, smooth, llaking, hori/ontally ridged : leaves 
imparipinnate or by abortion paripinnate: leaflets 
ohrupiely ovate or oblong, entire ; flowers greenish or 
yellowish, in axillary lax panicles ; fruit a drupe of 
the size of a (berry, purple, with while or reddish, 
sweet and acid pulp and a large stone : seeds oblong, 
slightly curved outwards. 

The fruit of the plant is used in making jams and 
jellies. The seeds possess a pleasant flavour and arc 
consumed in Australia. The wood resembles walnut 
and can be .similarly used. The timber, when first cut, 
is soft but afterwards becomes hard and lough. The 
plant can be used as a slock for less hardy anacar- 
diaceous fruit-bearing trees. The inner layer of the 
bark, in considerable concentration, acts as a tempo- 
rary stupefacient to fish (Barrett, M.F., 74 ; Uphof, 
2187; Bailey, i(;47, HI, 271^^; Wehh, Bull. Coun, sci, 
ifidustr. Res, Ausl,, No. 232, 1(^48, 15). 

Plciospermium — see Hesperethusa 

PLEOPELTIS II. B. (Polylyodiaeeae) 

Beddome, Indian Kerns, 3^4; Copeland. 1S3. 

A genus of ferns found mainly in tropical America, 
and from Japan to Africa. Beddome mentions 28 spp. 
from India, but many of the.se species have been 
transferred to other genera, including Microsorium, 
Phyuialodes, P\rrosia and Lepisorus. 

•In the l.’ifcr cditirins of liis Fhira, Parker (1924, 560; 1956, 
116) (handed llie iiaiiir lo /’. tvrnsifvrum Parker based evidenlly 
on Uzirtiia n-rasiftra Miiell. with wliieli ii was thought ideiifir^l. 
As the later name is vjilid for a plant i»f the f'aiiiilv Mvliaveae, 
the cnnd)inatioii I*, ccrasifcrum appears to he ineorreei. 


P, [{iHccolata (Linn.) Kaulf. syn. Polypodium 
lanceolaium Linn, is a fern with long creeping, 
paleaceous rhizome found in the southern parts of 
western ghats and in the Nilgiri hills ; it has also 
been recorded from Assam. A decoction of the fern 
is ii.sed in South Africa for colds and sore throat. In 
Mexico, a tea prepared from the fronds is used for 
itch (Walt & Breyer-Brandwijk, i(>8(j ; Kiri. & Basu, 
IV, 2748). 

PLESMONIUM Schott (Araceac) 

A monotypic genus, represented by P, viargarili- 
ferum, distrihutcci in India. 

P. margaritiferum Schott 

FI. Br. Ind., VI, 518 ; Kirt. & Basu, PI. kkii. 

\^K\c. —Ga jeer mul. 

UiTAK Pradksii Kharhar ; Madhya J’radesii — 
Jalulija, bansur ; Muxdari - Bir luida. 

A tuberous herb found in upper Oangetic plain, 
Madhya Pradesh, Bihar, Central Bengal and Andhra 
Pradesh. Tubers large, hemispherical, up to 15 cm. 
diam., white, coveretl with warts ; leaf solitary, rarely 
two, trifoliolaie: leaflets narrowly lanceolate, some- 
times forked ; spathe leathery ; spadix stout, as long 
as the spathe : flowers monoecious, in cylindric in- 
florescence ; fruits red, ovoid. 

The tubers of the plant are poi.sonoiis ; however, 
they arc eaten after several boilings with tamarind 
pidp or acid. The Mundas rub the well-ground tubers 
on swellings of the extremities. The crushed set‘ds 
have a benumbing effect and are used in Coa for 
toothache and as an external application to bruises 
(Bressers, 132 ; Kirt. & Basu, IV, 2612 : Cains, /. 
Bombay tial. Hist. Soc,, 1936- 37, 39 , 138). 

PLEUROSTYLIA Wight & Arn. (Celastraeeat^ 

FI. Br. Ind., I, 617 ; FI. Malcsiana, Ser. I, 6(2), 287, 
Fig. 20. 

A small genus of trees or shrubs distributed in 
South Africa, Malagasy, Ma.scarene Islands, Indo- 
Malaysian region and New C^aledonia. One species 
occurs in India. 

P, opposila Alston syn. P. u'if^htii Wight & 
Arn. (Tei.. — Piyari ; 'Bam. — Chiru piyari, karuvali) is 
a large shrub or small handsome tree with oblong- 
lanceolate to somewhat ovate leaves and small, ovoid, 
white fruits found in the Deccan Peninsula, chiefly 
in the hills. Wood is light red or greyish, close- and 
even-grained, smooth, moderately hard and heavy 
(wt., 769 kg./cii.m.). It is reported to be a beautiful 
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furniture wood and is used in Cuddapah for making 
eomhs. Oceurrence of a toxic alkaloid is rcportctl in 
the plant ; the leaves contain (juercitrin (Camhle, 
175 ; Bor, 226-27 ; Burkill, IF, 1772 ; Wehmer, II, 717). 

Plovers — see Birds 

PLUCHEA Cass. [Compositnc) 

A genus of shrubs or undershruhs, rarely herbs, 
distributed in the tropical and sid)-tropical regions of 
the world. Six species have been recorded in India. 

P. indica Less. 

D.K.R, Vr(i), 291 ; n. Br. Ind., Ill, 272 ; Kirt. & 
Basil, PI. 523 A. 

Beno. — Kukronda, munjliti rukha, 

A low shrub found in salt marshes and man- 
grove swamps ill Siindarbans. Tamvcs 2-5 cm. hmg, 
oliovate or oblancerilale, sub-serrate, narrowed info 
a short petiole ; Howers lilac, in heads in terminal 
corymbs. 

The plant is drought resistant and grows on heavy 
soils. The leaves, flowers and young tops arc eaten 
raw or cooked. In Thailand and Java, the aromatic 
leaves are used as a flavouring. Ixavcs contain 2.9 per 
cent protein. The plant contains chlorogenic acid 
(Uphof, 287; Burkill. II, 1773; Terra, Cnmmtm. R, 
trap, Inst, Anist., No. 54e, 1966, 68 ; Wehmer, II, 
1213). 

The roots and leaves are reported to posse.ss astrin- 
gent and an lipy retie properties and are given in 
decoction as a iliaphorctic in fevers. Leaf juice is 
taken for dysentery in Malaya. In Indo-China, an 
infusion of leaves is given for lumbago ; it is also used 
as a remedy against leucorrh»jea. The leaves are used 
in baths (as nervine tonic), in poultices against atonic 
and gangrenous ulcers. In Malaya, the leaves are used 
as a constituent in tea, for slimming. Recently, a 
hybrid of tliis species with P, udorala Cass, has 
been reported ; the latter is a medicinal plant of 
Central America (Kirt. & Basil, If, 1345; Burkill, II, 
1773; Van Stcenis-Kriiseiiian, Bull, Org. sci. Res, 
Indonesia, No. 18, 1953, 19 ; Hoppe, 714 ; Cooperridcr 
& Galang, Amcr. J. Bot„ 1965, 52 , 1020). 

P. lanceolate C. B. Clarke 

1).K.P., VI(i), 291 ; FI. Br. Itul., HI, 272 ; Kirt. & 
Basil, PI. 523B. 

Hinoi, Mar. & Guj. — Rasana, rashana, 

Punjab — Sarmci, reshami ; Uttar Prade.sh — 

Baisurai ; Rajas'itian — Chotakalia ; DiLUii—Rukhri. 

An erect undershrub, 30-100 cm. tall, found in 


.sandy or saline .soils in Punjab, upper Gangetic plain, 
Rajasthan and Gujarat. Leaves 2-6 cm. long, sessile, 
oblanceolate or olilong, coriaceous ; flowers white, 
yellow, lilac or purple, in many headed compound 
corymbs. 

P, lancrolata occurs gregariously in vast areas in 
dry tracts forming thickets and is considered a 
troublesome weed. It does much damage to rabi 
crops, particularly in areas where irrigation facilities 
are not available. Tlie plant is succulent when young, 
with suHicient foliage, and, on this account, it has 
been tried as a possible cattle fodder in .some of the 
drier parts of Uttar Pradesh. Cattle, however, avoid 
it when grazing, becau.se of its peculiar di.sagreeablc 
bitter taste. It can be fed only to working cattle either 
in mixture with hhusa or jowar stalks. Analyses .show 
a fairly high percentage of protein and a much 
gre.Tter feeding value than hhusa or jowar stalks. 
BulltK'ks fed on haisurai-\o\\7iv mixture show a sleek 
well-fed appearance (Parr & Dayal, /Igr/c. /. India, 
1921, 16 , 106 : Parr & Ld, ibid., 1921, 16 * 206). 
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As a troublesome weed, it can be eradicated by 
spraying Agroxone (io%) or Fernoxone (2, 4-D) 
[Shivapiiri & fyagi, Indian Fmg, 1950, 11, 116; 
Tandon, Agric, Anim, Hush,, Uttar Pradesh, 1951, 
1(9). 9l- 

The leaves are succulent and arc considered 
aperient ; they are used as substitute or adulterant 
for senna. The plant is mentioned in Ayurvedic 
texts to be used in diseases similar to rheumatoid 
arthritis. A decoction of the plant has been reported 
to prevent the swelling of joints in experimental 
arthritis. Preliminary studies on the plant revealed 
the presence of glycoside and sterol. Pharmaco- 
logical investigations indicated that the drug had 
two primary actions, viz. acctylcholinc-like action 
and smooth muscle relaxant-spasmolytic action 
on different muscle preparations. The only central 
nervous system activity detected in the drug was that 
of potentiation of barbiturate hypnosis. In a recent 
investigation, (juercetin and i^orhamnetin were 
identified in the air-dried leaves ; glycosides were 
absent (Singh. Indian /. agric, Sci„ 1945, 15, 297 ; 
Kirt. & Basil, II, 1345 ; Chaturvedi & Singh, Indian 
J. med. Res,, 1965, 53, 71 ; Prasad et aL, ibid., 1966, 
54, ^82 ; 1965, 53, 1062 ; Bahl et aL, Ctirr, Sci, 1968, 
37, \), 

Plum — see Prunus 

Plum, Black — see Syzygium 

Plum, Coco — see Chrysobalanus 

Plum, Date — see Chrysophyllum 

Plum, Governor’s, Madagascar or Puneala 
— see Flacourtia 

Plum, Hog or Jew — see Spondias 

PLUMBAGO I .inn. {Plumbaginaceae) 

A small genus of herbs, undershruhs or shrubs 
distributed in the tropics. Three species arc recorded 
from India of which two are considered medicinally 
important. 

P. indica Linn. syn. P, rosea Linn. 

D.E.P.. Vl(i), 294: FI. Br. Ind., Ill, 481; FI. 
Malesiana, Ser. I, 4(2), iii. Fig. 2. 

Hindi — Chitra, lal-chita, rakta-chitra ; Beng. — L/ iI- 
chitra ; Mar. — Lal-chitrak ; Guj. — Lal-chitrak, rato- 
chatro ; I^el. — Errachitramulam ; Tam. — Cenkodu 
veli, cithiramulam ; Kan. — Kempacitramulam ; Mal. 
— Chivappukoduveli ; Oriya — Rongachitamulo, lal- 
chita. 


Kashmir— 5/iiImy, shitranj ; Assam — Agechhit, 

A shrubby perennial found growing tliroughoiit 
India often as a cultivated plant or as a garden escape. 
Leaves broadly ovate or elliptic, dark green above, 
pale below ; flowers red, in terminal and axillary 
racemes. 

P. indica is a pretty ornamental plant, freijucntly 
grown in gardens for its showy bright red flowers. It 
is widely distributed in tropics. It is reported to he 
wild or indigenous to Sikkim and Khasi hills, al- 
though in all Indian floras it has been reported only 
as cultivated or as an escape from cultivation. It has 
never been recorded wild in any accounts so far of 
plants from Sikkim or Khasi hills. On the other hand, 
it is stated to he always found in anthropogenic 
localities and locally run wiki or persisting semi- 
spontaneously. Further, it is propagated only vegeta- 
tivcly by offsets or small cuttings and has never been 
known to be found in fruit. Many consider it as only 
a variety of P. zcylanica or as its cultigen. One form 
with bigger and brighter flowers is considered as var. 
coccinea of this species [Copalaswamiengar, 283 ; FI. 
Malesiana, Ser. I, 4(2), 111]. 

The roots as well as the root bark of P. indica form 
an important indigenous drug, but less commonly 
used than those of P. ze\lanica. The root is cylindri- 
cal, sometimes irregularly bent or curved, fia ^o cm. 
long and i. 3-2.0 cm. thick, light yellowish brown, 
smooth, often with short transverse shallow fissures 
at the region of bends. Dried roots arc darker or 
nearly black (Biirkill, il, 1774; Pharmacognosy of 
Ayurvedic Drugs, Ser. T, No. 4, i960, 41). 

The root bark of P. indica contains an orange 
yellow pigment named plumbagin (2-meihyl-5- 
hydroxy-i,4-naphthoc|iiinone, C,,HhO;„ m.p. 77-78°), 
a sitosterol glycoside (C.i.,II„.0„, m.p. 259-60°), a 
sitosterol, a fatty alcohol, probably arachidyl alcohol, 
tannin, and an amorphous brown pigment. Plumbagin 
is the active principle of the drug, and is present in 
both P. indica and P. zcylanica up to tlie extent of 
about 0.9 per cent. The conccntraiion of plumbagin 
varies according to the locality, growth and age of 
the plant, condition of the soil, and the season of the 
year. The older the plant and drier the soil, the 
greater is the (piantity of the active principle found 
in the root. 'Fhc fresh roots give much higher yields 
of plumbagin than the roots stored for a long period 
(Roy & Dutt, /. Indian chem, 5oc., 1928, 5, 419 ; 
Mayer & Cook, 106; Tumminkatti & Patwardhan, 
/. Indian Inst. Sci., 1932, 15A, 9 ; Chopra, 1958, 
386). 
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Pliimbagin, in small doses, has a stimulant action 
on central nervous system, on plain muscles, and on 
the secretion of sweat, urine and hile. Blood pressure 
shows a slight fall and the peripheral vessels arc 
found to dilate. Stimulation is not properly observed 
in the isolated heart of the frog. With large doses, 
plumhagin causes paralysis leading ultimately to 
death, the minimum lethal dose for frog, mice and 
rahbit being 0.5, o.i, and lo.o mg. /kg. respectively. 
Plumhagin in a dilution of i p.p.m. stimulates the 
isolated rahbit uterus, and at 10 times this concen- 
tration inhibits it. A suitable intrapcritoneal injec- 
tion in the pregnant rat results in foetal death and 
secondary ovarian malfunction. Studies on oxytocic 
effect of the acpieous extract of the roots on isolated 
rat uterus, isolated guinea-pig uterine strips and on 
isolated human uterine strips, indicate that the drug 
has a powerful action on uterus (Chopra, 1958, 386 : 
Chopra et aL, I, 520-21 ; Biol. Ahstr., 1936, 10 , 15945 ; 
Misra et ai, Lahdev /. Sci & Technol, 1966, 4 , 55). 

Plumhagin acts as a powerful irritant and has well- 
marked antiseptic properties. In 20 p.p.m. dilution, 
it inhibits pathogenic fungi such as Coccidioides 
immitisy Histoplasma capsulatum, Ctesnomyces 
radians, and Trichophyton ferrngineum. It acts as an 
aiitimetaholite towards Mycobacterium tuberculosis. 
Preliminary studies have shown that plumhagin may 
he useful in the treatment of early cases of Icuco- 
derma and baldness of head (Chopra, 1958, 386 ; 
Chem. Abstr., 1947, 41 , 6598). 

The flowers contain 3-rhamnosides of pelargonidin, 
cyanidin, delphinidin and kaeinpferol {Chem. Abstr., 
1962, 56 , 1201 1). 

The root is considered ahortifacient, vesicant, and 
a powerful sialogogue. In Malaya, chewing the roots 
regularly with arecanut is saiil to cause abortion. 
Because of its vesicating properties it has been used 
in the treatment of certain types of leucodcrina. In 
South India, it is valued as a remedy for secondary 
syphilis and leprosy. It has been recommended as an 
efficient substitute of cantharides. The bruised root 
is acrid and stimulating, but when tempered with a 
little bland oil it is used as an external application 
in rheumatic aflections of joints and paralytic con- 
ditions. It is given internally in small doses for the 
.same complaints in combination with other drugs ; 
in large doses, it acts as an acronarcotic poison. A 
tincture of the root is used in dyspepsia, piles, 
flatulence, loss of appetite and other digestive com- 
plaints. In Java, the root is used as a veterinary 
medicine for expelling worms in horses (Chopra, 


1958, 386; Kirt. & Basil, II, 1469-70; Nadkarni, I, 
989 ; Burkill, II, 1775). 

P. zeylanica Linn. 

D.E.P., VI(i). 295 ; C.P., 49 ; FI. Br. Ind., Ill, 480 ; 
Kirt. & Basil, PI. 574A. 

Hindi & Beng. — Chita, chitarak, chitra ; Mar. — 
Chitramula, chitraka ; Guj. — Chitaro, chitrak ; Tel.— 
Agninuita, chitramoolam ; Tam. Cithiramidam ; 
Kan. — Chitramula, vahni ; Mal. — Tumba koduvcli, 
vellakoduveli ; Oriya — Chitamulo, chitapru. krisanu, 
ogni. 

Mundari — Birkitamuli, chitur. 

A perennial, sul>scandent shrub found wild in 
peninsular India and West Bengal and cultivated in 
gardens throughout India. I.x;avcs ovate, glabrous ; 
flowers white, in elongated spikes ; capsules oblong, 
pointed, contained in viscid glandular persistent 
calyx. 

This species is more widespread and common than 
P. indica and is possibly indigenous to South-East 
Asia. It contains 211 = 24 chromosomes in contrast to 
211=12 in P. indica and other species |F 1 . Malesiana. 
Ser. I, 4(2), 109 ; Dahlgren, Svensk hot. Tidskr., 1964, 
58 , 172]. 



FIG. )6-PLUMBAGO ZEYLANICA-FI.OWFRING AND FRUITING 
BRANCH 
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The roots of P. zeylanica arc said to constitute the 
original indigenous drug known to ayurvedic physi- 
cians. ^'hc dried roots, as sold in l)a/aar, occur as cylin- 
drical pieces *of varying length and less than 1.25 cm in 
thickness, reddish brown in colour with fairly thick 
shrivelled, smooth or irregularly fissured brittle bark 
marked here and there with small projections 
representing scars of rootlets. Roots have a short 
fracture, an acrid and biting taste and disagreeable 
odour (Burkill, IT, 1775: Pharmacognosy of Ayur- 
vedic Drugs, Ser. I, No. 4, i960, 38). 

The root bark of P. zeylanica contains pliimbagin 
(distributed in most of the secondary cortex and 
medullary ray cells), free glucose and fructose 
(r.2.7%). and enzymes protease and invertase. Investi- 
gations have indicated the usefulness of the root in 
stimulating digestive processes. The leaves and the 
stein contain volatile oil hut little or no plumbagin 
(Iyengar & Pendse, Indian /. Pharm., 1962, 24 , 290 ; 
Curr. Sci,, 1963, 32 , 261 ; Watt & Breyer-Brandwijk, 

850- 

The root appears to possess abortifacient and 
vesicant properties similar to those of P. indica, 
though to a much milder degree. Besides, it is 
diuretic, caustic and expellent of phlegmatic 
humours, and is useful in rheumatism. It is used as 
an irritant to the skin, in the treatment of dyspepsia, 
piles, anasarca, diarrhoea and skin diseases. The root 
paste is applied in order to o[)en abscesses. A paste 
prepared with milk, vinegar or salt and water is used 
as an external application in leprosy and other skin 
diseases of an obstinate character. The drug is apt to 
cause abortion and in Malaya, even eating the leaves 
is said to cause similar aciion. In Africa, a cold 
infusion of the root is used for influenza and black- 
water fever. A tincture of root bark is antiperiodic. 
Alcoholic and aqueous extracts of roots showed anti- 
bacterial activity against Micrococcus pyogenes var. 
aureus. The roots also possess antibacterial activity 
against Salmonella typhi and Mycobacterium plilei. 
An alcoholic extract has been found to be a very 
powerful aphicidc |Kirt. & Basu, II, 1467 : Chopra, 
387; Burkill, II, 1775; Watt & Breyer- 
Brandwijk, 850 ; George et ah, J. sci. industr. Res., 
1947, 6B, 42 ; Kurup, ibid., 1956, 15 C, 153 ; Atkinson, 
Aust. J. exp. Biol. med. Sci., 1956, 34 (i), 17 ; Annu. 
sci. Rep. Indian agric. Res. Inst,, 1964, 153]. 

P. auriculata Lam. syn. P. capensis Tbunb. is a 
small sub-scandent sbrub with oblong or oblong- 
spathulate leaves and pale blue flowers, indigenous to 
South Africa and grown in gardens in India as an 


ornamental plant. It is suited for lx)rders, as a decora- 
tive hedge, bedding plant and for pot planting. It is 
usually propagated by suckers or division of roots. 
It bears almost throughout the year a profusion of 
umbel-like clusters of pale azure-blue, very pleasing 
flowers I FI. Malesiana, Ser. f, 4(2), 111; Bor & 
Raizada, 163-64 : Gopalaswamiengar, 283]. 

In Africa, the foliage of the plant is readily eaten 
by poultry and stock, particularly the sheep ; it 
becomes poisonous to animals under certain condi- 
tions. A decoction of the plant is taken as a remedy 
for blackwater fever. The root is used as a styptic in 
scrofula ; an infusion of it is considered emetic. The 
powdered root is taken as a snuff to relieve headache ; 
it causes warts to disappear when smeared over them 
(Watt & Breyer-Brandwijk, 850). 

The flowers of the plant contain azulein 
(5-methoxy (juercelin 3^rhamnosidc) and 3-rhamno- 
sides of delphinidin (Chem. Ahstr., 1962, 56 , 1201 1 ; 
1962, 57 , 7628). 

Plumbago — see Graphite 

PLUMERIA I A n n . (A pocy naceac) 

A genus of laticiferous trees and shrubs, native 
of tropical America ; some ornamental species arc 
grown in the warmer regions of the world. About 
eight species are reported from India, but owing to 
the overlapping of characters in some species, it 
becomes difficult to fix their identity. P. acuminata 
and P. rubra are commonly grown for their orna- 
mental flowers. 

P. acuminata Ait. syn. P. acutifolia Poir. ; P. rubra 
Linn. var. acutifolia Bailey Tkmpi.k or Paooim 
Tree 

D.E.P., VI(i), 297 : FI. Br. Ind., III. 641. 

San.s.- -Ks 7 u>rt champa ; Hindi — Go/^u 7 /c 7 ;/ ; Beng. 
—Dalan phul, gorur champa ; Mar. Khair champa, 
son champa ; Guj. — Rhada champo ; 1'el. — Nuru 
varahaalu, vaada ganneru : Twi.— Arali, kallU 
mandharai ; Kan. -Deva ganigilc, kadu sampage ; 
Mai..- Ezha<hampakam, arali ; Oriya — Kat champa, 
golochi, toraio. 

Santal — Champa pungar, gulanj baha ; Assam — 
Gulanchi, gunach. 

An evergreen or partly deciduous tree, c. 7 m. 
high, with fleshy branches and copious latex, grown 
for ornament almost all over India, particularly in 
the vicinity of religious places and burial grounds. 
Leaves oblanceolate or elliptic, 15-30 cm. or more 
long, borne at the end of the branches ; flowers white 
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I.(:.A.R., New Delhi 


FIG. 57~-PLUMERlA ACUMINATA ^FLOWERING BRANCH 

with yellow centre or cream-coloured, sometimes 
pink-ilushed outside, in terminal panicles, highly 
fragrant ; follicles divaricate, brownish black ; seeds 
oblong, winged, with pappus. 

This plant is considered to be a native of Mexico. 
It is reported to have been introduced from the 
Philippines and has become naturalized in India. 
According to some authorities, it is considered as 
a variety or a form of P. rubra Linn. Variations 
in size and colour of the llowcrs arc known and a 
few cultivars are recognized. Some of these arc 
suspected to be hybrids. The plant is propagated 
through cuttings. It sets seeds rarely in India. The 
plants raised from the seeds show a wide variation 
in characters, evidently being different strains 
(Merrill, Chron, bot,, 1946, 10, 304 ; Watson cl al, 
Amcr, hort. Mag., 1965, 44, 125; Firminger, 454; 
Cowen, 19 ; Vaid, /. Bombay fiat. Hist. Soc., 1964, 
61 , 215 ; Cheema, Indian J. Hort., 1965, 22, 206 ; Bull, 
nal. bot. Gdns, Lucknow, No. 14, 1958). 

The plant is mainly grown for its ornamental and 
fragrant flowers. The flowers have a sweet odour and 
arc employed for the preparation of garlands and 


perfumes. They vary in their fragrance, from strong 
to mild and from refreshing to highly objectionable, 
and also in their keeping (piality. The development 
of perfume continues for sometime even in the 
plucked flowers and enfleurage of fresh flowers gives 
best results. On steam distillation, the fresh flowers 
yield an essential oil (0.04-0.07%) with the following 
characteristics: d”!, 0.9685; nj**, 1.4885; acid val., 
20.2 ; sap. val., 123 ; and sap. val. after acetylation, 
257. The oil consists mainly of primary alcohols 
(68% of saponified oil), viz. gcraniol, citronellol. 
farnesol and phcnylethyl alcohol, cither free or 
csterified and some linalool ; in another analysis, the 
presence of aldehydes or ketones (6.8%). is also 
reported. The essential oil possesses antifungal 
activity. The flowers contain quercetin and traces of 
kaempferol. The flower buds arc eaten with betel 
leaves as a febrifuge. The leaves yield 5.6 per cent 
pectin having low-jellying quality [Naves & Mazuyer, 
231 ; Watson et al., loc. cit. ; Menon & Menon, Curr. 
Sci., 1957, 26^ 89 ; Chetn. Abstr., 1930, 24, 4585 ; 
Maruzzella et al., Amcr. Perfum., 1959, 74(2), 21 ; 
Pankajamani & Seshadri. J. sci. industr. Res., 1955, 
14B, 93; Dymock, Warden & Hooper, II, 421; 
Scharpenseel & Vicario, Arancta J. Agric., 1956, 
3(4). 57]- 

Many parts of the plant arc considered medicinal. 
The bark has a stimulant action. A decoction of it is 
used as a purgative, emmenagogue and febrifuge. It 
is also given for dropsical and venereal alTections 
and is reported to be a powerful antihcrpciic. Tlic 
bark yields a bitter ghicoside plumieride (CaiHjfiOja, 
m.p. 224-25”, yield 4';o), a pigment fiilvoplumierin 
(5'-carbomethoxy-3'4'-i,2-ciinialino-w-propenyIfulvene, 
CijIIiaOj, m.p. 151-52” ilccomp.), and n-amyrin 
acetate. Fiilvoplumierin inhibits the growth of 
various strains of Mycobacterium tuberculosis. The 
extract of the bark shows antifungal activity against 
Helminthosporium sativum (Jamwal & Anand, 
Indian J. Pharm., 1962, 24, 218 ; Biirkill, II, 1777- 78 ; 
Brown, 1946, III, 247 ; Kirt. & Basu, II, 1563 ; 
Schmid ct al., Hclv. cliim. acta, 1952, 35, 415 ; 
Ilalpern & Schmid, ibid., 1958, 41, 1109; Schmid & 
Beneze, ibid., 1953. 36, 205, 1468 ; Griimbach et al., 
Experientia, 1952, 8, 224 ; Rangaswami ct al., Indian 
J. Pharm., 1961. 23, 122 ; Bhatnagar ct al., Indian J. 
mcd. Res., 1961, 49, 799). 

The latex of the plant has rubefacient and purga- 
tive properties. It enters into applications for itch, 
rheumatism, and gum troubles. Excessive doses are 
poisonous. The latex contains calcium salts of 
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pluniicric acicJ, ccrolic acid and acetyl lupcol. On 
analysis, the coaguliims of latex samples taken from 
trees in Coojg and Palghat showed respectively: 
caoutchouc, fi9.i, i6.i ; resins, 62.7, 75.6; and 

insolubles, 18.2, 8.4^0 (Kirt. & Basil, II, 1562 ; Burkill, 
II, 1777-78 ; Chopra ct al, I, 557 ; Wehmer, II, 981 ; 
Budhiraja & fieri, Indian For, Leaf!,, No. 70, 1944, 4). 

The root is a violent cathartic. The plant is reported 
to he toxic to animals [Chopra, 1958, 569 ; Mishra & 
Patra, Indian Livc-Stk, 1963, 1(3), 12]. 

The wood is yellowish while and soft (wt., 592- 
673 kg./cii.m.) and is reported to be free from attack 
by termites. It is used for making drums and other 
musical insiriimenis (Gamble 483: Talbot, II, 215; 
Rama Rao, 253). 

P. alba liinn. White Champa 

Blatter rl al., 1 18. 

Tet..-— varaliaalu ; Tam. — Perumal arali, 
scvmai arali ; Mai.. — Vella champakatn. 

A small tree, 4.5 m. high, occasionally grown in 
the gardens. Leaves lanceolate to ohlanceolate ; 
flowers white, fragrant, in corymbose fascicles. It 
remains in leaf for most part of the year. 

The fruit is edible. The latex is applied to ulcers, 
herpes and scabies, and the seeds are said to possess 
haemostatic properties. Other medicinal uses arc 
almost the same as those of P. acuminata. The latex 
gave: moisture, 71.14: total solids, 28.86; alcohol 
extr., 9.62; chloroform extr., 1.53; and residue, 
1 7.54', o. The bark contains a- and j 9 -amyrins and their 
acetates, pliimieride, scopoletin, and /8-sitosterol 
(Watt & Breyer-Brandwijk, 94 ; Kirt. & Basu, II, 
1564 : Viswa Nath, /. set. industr. Res,, 1942-43, I9 
373 : Rangaswami & Venkata Rao, Proc, Indian 
Acad. Svi.f i960, 52 A, 173). 

P. rubra lann. 

Blatter ct al,, 117, PI. XXIV. 

Mar. — Lai cliampa ; Tam. — Segappu arali, 

Delhi — Cshatnpa ; Santai. — Lai golainchi, 

A small tree, 3.5-6.0 m. high, commonly grown in 
the gardens. Leaves lanceolate to ohovate-oblong ; 
flowers very fragrant, generally red, pink or purple 
centred with rich yellow. 

Tlie fruit is reported to he eaten in West Indies. 
In India, however, it has been used as an ahortifacient. 
Medicinal properties of this plant arc more or less 
similar to those of P, acuminata (Watt & Breyer- 
Brandwijk, 94). 

l^he flowers arc used in pectoral syrups. They 
contain resin, quercetin, traces of kacmpferol and a 


cyanidin diglycoside. The fresh leaves and bark 
contain respectively : pliimieride, 0.83, 0.53 ; and 
rcsinic acid, 1.26, 0.4%. A recent examination of the 
bark showed the presence of fulvoplumierin, a 
mixture of terpenoids and sterols and large quantities 
of plumieridc. The latex coagulum from the young 
branches on analysis gave : caoutchouc, 25.5 : resinous 
matter, 21.9: and moisture, 15.7% (Kirt. & Basu, II, 
1564 ; Wehmer, II, 982 ; Pankajamani & Seshadri, 
/. sci, industr. Res,, 1955, 14 B, 93 ; Ponniah & 
Seshadri, ibid., 1953, 12 B, 605 ; Venkata Rao & 
Anjaneyulu, Indian J, Pharm,, 1966, 28 , 80). 

POA Linn. (Cramineac) 

A large genus of grasses distributed in the 
temperate or mountainous regions of both hemi- 
spheres. About 49 species have been recorded from 
India, many of them valued as useful pasture 
grasses. 

P. annua Linn. Dwarf or Annual Meadow 
Crass 

D.E.P., VI(i), 249 ; VI, Br. Ind., VII, 345 ; Bor, 
555 ; I, 679, PI. 6(x;. 

Punjab — Chirua, 

A Tufted, glabrous, prostrate or sulvereci grass 
found throughout the temperate and .sub-alpine 
Himalayas, in Kashmir, in North India up to 
2,7(x^ m., and in the Khasi and Nilgiri hills. Stems 
15-30 cm. ; leaves linear, flat, flaccid : panicles ovate 
or lax up to 8 cm. long ; spikelcts 4-6 mm. x 2 mm., 
oblong, ovate, usually green. 



FIG. ^S-POA annua 
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A annua is reported to have its origin in some form 
or forms which originated by hybridization of 
P. infirma H.B. & K. and P, supina Schrad. P. annua 
exhibits morphological characters intermediate 
between them. Both the parental types are found in 
the mountains of Central Asia ; however, according 
to some, northern Mediterranean is also considered 
as its place of origin. Several of the more widespread 
species such as A. pratensis have developed numerous 
ecotypes which enable the species to occupy different 
habitats (Chrtek & Jirasek, Preslia, 1962, 34 , 40 : Bor, 
/. Bombay nat. Hist. Soc., 1951-52, 50 , 824: Tutin, 
Watsonia, 1957-61, 4 , i : Hartley, Aust. J. Bot., 1961, 

152). 

This is a very variable plant, some races of which 
arc annual, while others are sub-perennial. 

The grass forms a bright green, handsome turf 
on the ground by its dense growth, but withers in 
the summer heat. It is considered suitable for cultiva- 
tion in Delhi during cold season. It is said to be 
very nutritious although the yield is rather poor 
(FI. Delhi, 407 ; Bor, /. Bombay nat. Hist. .Voe., 1951- 
52, 50 , 787 ; Hubbard, 145). 

In Jammu and Kashmir, the grass is found 
abundantly and is used as a fodder, both in the green 
and dry state. It contains (dry basis): protein, ii.oi- 
14.74 • extr., 2.77-3.26 : crude fibre, 26.33-33.0; 
carbohydrates, 33.99-46.23 : mineral matter, 8.76- 
16.06 : calcium (CaO), 0.44-1.27 ; and phosphorus 
(PjO;.), 0.39-0.78 Vu (Chopra ct al., Indian ]. af^ric. Sci., 
1956, 26, 415). 

P. bulbosa I.inn. var. elanata Stapf Bulbous 

Mj^adow Grass 

I).K. 1 ».. rrr, 437 ; KI. Br. Ind., VII. .^38 : Bor. i960. 
556. 

A densely tufted grass, biilhous at the base found 
in the western Himalayas at altitudes of i,5<x>- 
2.700 m. Stems 15-40 cm., terete, smooth ; leaves 
linear, acute, Hat ; panicle oblong, 2.5-5.0 cm., 
spikelets 5 6 min. 

The leaves and culms wither early leaving the 
bulbous bases. I'hese contain food reserves and may 
become detached and blown about by wind, each 
forming the basis of a new plant (Hubbard, 147). 

The grass is useful as fodder. Analysis of the 
grass from Srinagar gave the following values (dry 
basis): protein, 8.36; ether exir., 3.15: crude fibre, 
26.85 ; carbohydrates, 52.99 ; mineral matter, 7.42 ; 
calcium (CaO), 0.62; and phosphorus (PjO.), 0.61% 
(Chopra ct al., Indian J. affric. Sci., 1956, 26 , 415). 


P. compressa I.inn. Fi..vitkned Mti/xoow Gkass, 
Canada Blue Grass 

D.E.P., in, 437; Bor, i960, 556: Hitchcock, 106, 
Fig. 120. 

A stiff, wiry, perennial grass found in the temperate 
parts of Europe, and rarely in India. Culms .short, 
strongly Hatteiied, generally 15-20 cm., or rarely 
70 cm. in height ; leaf blades short, 1-4 mm. wide. 

The grass is used as a fodder. In America, it is 
valued as pasture, especially on thin, poor .soils and 
stiff clays. It spreatls by rhizomes and forms a close 
turf. It is grazed upon by all herbivorous animals and 
with.stands close grazing. It is considered excellent for 
fattening cattle (Whyte ct al., 1959, 364 : Piper, 185). 

Analysis of the green grass gave the following 
values: moi.sture, 66.8 : protein, 3.0: far, 1.2 ; carbo- 
hydrates, 6.1: fibre, 10.3: ash. 2.6; calcium, 0.4; 
pho.sphorus, o.i : pota.ssium, 0.5; dig. protein, 1.9; 
and total dig. nutrients, 19.9% ; nuiritive ratio, 9.5. 
Hay made from the grass has the following nutri- 
tive values: protein, 6.6: dig. protein, 2.8: carbo- 
hydrates, 46.4 : and total dig. nutrients. 53.3?/. ; 
nutritive ratio, 18.0 (Morri.son, 375, 1020, i(X)2). 

P. nepalensis Wall, ex Duthie syn. A. annua var. 
ncpalensis Griseb. 

FI. Br, Ind., VII, 345 : Bor, /. Bombay nat. Hist. 
Soc., 1951-52, 50 , 787 ; Bor, i960, 558. 

A tall, perennial gra.ss with a creeping rootstock 
found in Kumaun, Tehri-Garhwal and Kulu. Stem 
50 cm. ; leaves 30-50 cm. ; panicle up to 15 cm. ; 
spikelets whiti.sh in colour, 3.5-4.0 mm. long. 

The grass is ii.seful as fodder. It contains (dry 
basis): protein, 14.97 » ether extr., 3.18 : carbo- 
hydrates, 36.90 : crude fibre, 29.63 : mineral matter, 
13.67 : calcium (CaO), 0.67 : and phos|)horus (P2O ,). 

O. 97 'V, (Chopra ct al., Indian J. agric. Sci., 1956, 26 , 

415)- 

P. pratensis Linn. SMcxirii-SiAi.KKi) Mkadow 
Grass, Keviijcky Blue Grass 

D.E.P., VI(i), 297 : FI. Br. Ind., VII. 339 : Bor, 
/. Bombay nat. Hist. Soc., 1952-53, 51 , 61. 

A perennial, stoloniferous grass, found within the 
temperate and alpine zones of the Himalayan range, 
and in the temperate regions of Europe and America. 
Steins 15-30 cm., smooth, terete ; leaves crowded at 
the base of the stem, linear, firm or flaccid : panicle 
ovate or oblong : spikelets ovate acute, crowded, 
green, 4-5 mm. 

This species includes a large numher of races and 
strains. It has been introduced in the temperate hills 
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of India, where it does well and grows wild in many 
places. It is an excellent pasture and lawn grass, rich 
in protein when young and relished by all classes 
of stock. The grass in bloom stage or later is poorer 
in protein and high in fibre. Analysis of the green 
grass from Jammu and Kashmir gave the following 
ranges of values (dry basis): protein, 7.73-12.54: 
ether extr., 1.63-3.22; carbohydrates, 39.02-49.38; 
fibre, 30.58-37.85 ; and ash, 8.0-12.8%. The average 
mineral composition of the grass is as follows: 
calcium, 0.16; phosphorus, 0.13; potassium, 0.59; 
sodium, 0.07 ; sulphur, 0.20 ; magnesium, 0.07 ; and 
iron, 0.006%; manganese (2.4 mg./ 100 g.), copper 
(0.42 mg./icx> g.) and iodine (750 /xg./i<K> g.) are also 
present. The vitamins present in the grass arc: 
carotene (as vitamin A), 7.93 ; thiamine, 0.26 ; and 
a-tocopherol, 15.6 mg./ 100 g. The grass also contains 
pectic substances (6.5%, as calcium pectate, dry basis) 
and probably a cyanogenetic glycoside (Hubbard, 
165; Bor, i960, 559; Morrison, 365-66, 1020, 1097, 
1106, 1113 ; Chopra et ah, Indian /. agric. Scu, 1956, 
26 , 415 ; Iodine Content of Foods, 105 ; Kertesz, 306; 
Wehmer, I, 80). 

The grass can be made into hay. The product from 
grass cut in early bloom is nearly equal to timothy 
in feeding value. Analysis of the hay gave the 
following values : protein, 8.2 ; dig. protein, 4.8 ; 
and total dig. nutrients, 54.8% ; milritivc ratio, 10.4. 
The grass can also he ensiled (Morrison, 366, 1002, 
1036). 

P. songarica ^oiss.= Eremopoa persica (Trin.) 
Roschev. var. songarica Bor syn. Poa pcrsica Trin. 
var. songarica Hook. f. 

D.E.P., III, 437 ; FI. Br. Ind., VIT, 337 : Bor, i960, 
532. 

A slender, erect, quite glabrous, usually flaccid 
annual, up to 45 cm. high, found in the western 
Himalayas from Kunawar to Kashmir and western 
Tibet, at 2,100-3,600 in. altitude. I^'aves narrowly 
linear, flat ; inflorescence a panicle ; spikelets green. 

This grass is often gregarious, covering considerable 
areas at high altitudes. Analysis of the grass gave the 
following values (dry basis): protein, 6.19; ether 
extr., 2.08 ; crude fibre, 35.71 ; carbohydrates, 49.12 ; 
mineral matter, 6.24 ; calcium (CaO), 0.28 ; and phos- 
phorus (PaO;,), 0.39% (Bor, 19^, 532 ; Chopra et ah, 
Indian /. agric. Sci., 1956, 26 ^ 415). 

P. trivialis Linn. Rough Meadow Grass 

D.E.P., VI(i), 297 ; FI. Assam, V, 70 ; Bor, 
/. Bombay nat. Hist. Soc., 1952-53, 51 , 61. 


A glabrous, perennial, loosely tufted grass found 
in Lahul and introduced and grown in the cooler 
regions in Assam, Nilgiris and Palnis. Culms 
up to 60 cm. tall, geniculate below ; leaves 
linear-acute, 6.25 cm. by 2.5-6.5 mm., flat and 
flaccid ; inflorescence obovate to oblong ; spikelets 
green or purplish, ovate to oblong, 1.25-5.0 mm. 
long. 

It is an excellent grass for shady lawns, and may 
l>c utilized as a pasture for moist lands. In stiff, moist 
lands, it yields an abundant and excellent fodder, but 
is affected by drought. It is also suitable for making 
hay (Piper, 188 ; Bor, i960, 561). 

P. alpina Linn. (At.pine Meadow Grass), a densely 
tufted, usually low, often gregarious grass found in 
the western Himalayas from Kashmir to Garhwal up 
to a height of *|,8(X) m., is useful as fodder (Bor, i960, 
555 )- 

P. nemoralis Linn. (Wood Meadow Grass), a 
very variable, shade-loving grass, with an erect, rigid 
stem, cauline leaves and lax panicle, is found in the 
temperate and alpine I limalayas at medium and high 
altitudes. Sometimes it is found growing on sliady 
rock faces where there is sufficient moisture. It is used 
as fodder and also for shady lawns (Piper, 188 ; 
Hubbard, 153 ; Stewart, Brittoniay N.Y., 1945, 4*9 * 

Bor, i960, 558). 

P. pagophila Bor syn. P. flexuosa Hook. f. (FI. Br. 
Ind.), non Wahib. ; P. cenisia All. ex Diithic forms 
a large part of the vegetation on the alpine slojies of 
the Himalayas, mainly in Kiimaun and Sikkim. It 
forms a considerable parr of the grazing grass for 
sheep and ponies (Bor, i960, 558). 

P. palustris Linn., though not common in India, is 
widespread in the temperate regions of the nortliern 
hemisphere. It has been probably introduced into 
Kashmir. It is a reputed fodder grass in North 
America (Bor, i960, 559). 

P. sikkimensis Bor syn. P. annua var. sikkimensis 
Stapf, an annual or sub-perennial grass, with culms 
up to 30 cm. high, flat, linear blades and pyramidal 
panicle, is found in Sikkim, up to an altitude of 
3,000-4,000 m. It may be used as fodder (Bor, i960, 
560). 

Besides these, the following species of Poa which 
are generally found in the alpine Himalayas from 
Kashmir to Bhutan, in Sikkim and in Tibet are also 
reported to be good as fodder grasses : P. himalayana 
Nces ex Steud. ; P. khasiana Stapf ; P. tihetica Munro 
ex Stapf; P. poophagorum Bor; and P. sterilis 
Bieb. (Bor, i960, 557). 
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PODOCARPUS L’Herit. ex Pcrs. (Taxaccac ; 
Podocarpaceae) 

A large genus of evergreen, mostly dioecious trees 
and shrubs, largely confined to the forests of the 
subtropical and warm temperate regions of the 
southern hemisphere. Several species yield valuable 
timbers (Yellow- woods), used more or less for the 
same purpose as the pine woods. Some species are 
grown for ornament. Two species occur wild in India 
and a few exotics have been introduced. 

P. neriifolius I). Don ; Hook. f. (FI. Br. Ind.) in part 
TiirrMiN, Mounteak 

D.E.P., VI(i), 298 ; FI. Br. Ind., V. 649 ; Rai/ada 
& Salmi, Indian For, Rec,, N.S., Dot,, i960, 5 , 105. 
Hindi— // tf /is. 

Assam -Kat-hhalnha ; Cachak — Jinari ; Kiiasi 
— Dieng-sia-hlei ; Ldshai —KherewaUtak, thlang- 
phar ; Lepciia — Dung k ung ; N kpal — Cm unsi ; 
Andamans — Thitmin, welimada. 

Trade — Thitmin, 

A graceful tree with whorlcd branches, up to 40 m. 
tall, but very variable in size, met with in the ever- 
green forests of the outer hills of the eastern 
Himalayas and in the hills of Assam, ascending to 
an altitude of about 1,^00 m. ; it is also found in 
the Andamans. Bark greyish brown, fibrous ; leaves 
scattered or indistinctly whorled, linear-lanceolate, 
10-18 cm. X 8-15 mm. on old trees and 13-25 cm. x 
13-19 mm. on young trees, coriaceous; male and 
female flowers axillary ; seeds globose or obovate, 
6-8 mm. in diam., borne on a fleshy, oblong, deep 
purple receptacle. Some authors have raised var. 
hrevifolius Stapf, with smaller leaves, to the specific 
rank (Gray, /. Arnold Arbor., 1958, 39 , 460, 441). 

Generally, the trees in the Himalayas and Assam 
hills attain a height up to 18 m. and a girth up to 
about 2 m., although a girth of 3.8 in. has also been 
recorded. The trees occurring in the high hills of 
the Middle Andamans remain stunted, but elsewhere 
they attain larger dimensions and yield u.seful timber 
(Pearson & Brown, II, 1028 : Bhadran, Indian For., 
1958, 84 , 326). 

The tree deserves large scale cultivation, as it yields 
a high class timber, used for general carpentry work. 
It is propagated through seeds, which retain their 
viability for more than a year. The seedlings arc 
raised in nurseries at the beginning of the monsoon 
period. The beds are provided with shade and are 
irrigated if the rainfall is inadequate. The seeds 
germinate within a fortnight ; the germination 


percentage is about 65, survival rate being almost 
equal. If the seedlings arc transplanted under heavy 
shade, 70 per cent of them survive. The rate of growth 
of the tree is, however, slow, average annual girth 
increment being about i cm. (Ganapathy, Indian For., 
1965, 91 , 761 ; Gamble, 703). 

The wood is straw-yellow to greyish yellow, 
straight-grained, medium coarse- but cven-textured, 
soft to moderately hard, and light (sp. gr., 0.48-0.55 ; 
wt., 545-801 kg./cu.m.). It seasons well witli care and 
does not warp, twist or develop surface cracks. When 
thoroughly seasoned, it docs not tend to expand or 
contract with varying conditions of humidity. The 
logs are converted when green and open stacked 
under cover. The wood is durable under cover and in 
contact with water, but is, perhaps, not resistant to 
white ants. Graveyard tests have shown a durability 
of 5-7 years. The wood does not lend itself to treat- 
ment easily, but its treatability ran be improved for 
small-sized pieces, not exceeding 6 cm. in thickne.ss, 
under pressure-treatment. It saws with great case, 
and is said to be one of the finest timbers to work 
upon, though it finishes to a somewhat dull surface. 



F.KJ., Dehra Dun. Photo : Ramvsh Rao 

FIG. 99-^PODOCAKPUS Nh'RIIFOMUS— TRANSVERSE SECTION 
OF WOOD (xlO) 
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The dara for comparative suitability of the timber, 
expressed as percentage of the same jiroperties of teak, 
are: wt.. So: ^strength as a beam, 75; stiffness as a 
beam, S5 ; suitability as a post. 80 ; shock-resisting 
ability, 65; retention of shape, 75; shear, 80; and 
hardness, 70 (Pearson & Brown, II, 1029-30 ; Gamble, 
703 : Piirushotham ct aU, Indian For,, 1953, 79, 49 ; 
Masani, ibid., 1964, 90, 229 ; Limaye, Indian For, 
Rrc., N,S,, Timh. Mcch,, 1954, I, 57, Sheet No. 16). 

The timber is used for making oars, paddles, boat- 
hooks, spars and masts. It is suitable for camp 
furniture, ladders, aeroplane parts, mathematical 
instruments, pen-holders, and tea-boxes, and is also 
useful for planking. The wood is rather tough for 
pencils, but a process to make it suitable for pencil 
manufacture has been developed in East Pakistan. 
It has been rcjiorted that the pencils made from the 
treated wood are of high quality and may be 
substituted for cedar pencils. It is a poor quality 
fuel-wood : calorific value, 4,302 cal., 7,744 B.t.u. 
(Pearson & Brown, IT, 1030 ; Trotter, 1944, 197 ; 
Parkinson, 257 : Gamble, 703 ; Rcxlger, 39 : Khan, 
Pakist. J, For., 1963, 4, 367 ; Krishna & Ramaswami, 
Indian For. Bull., N.S., No. 79, 1932, 21), 

The fleshy receptacles of the fruit arc eaten in 
Nepal ; they weigh about 580 to a kg. (Uphof, 288 ; 
Ganapathy, loc. cit.). 

P. zvallicliianus Presl syn. P. Inlifolia Wall, non 
R. Br. (Tam. — Naramholi ; Kan. — Kurunthumhi ; 
KitAsr — Solylong ; T.usiiai — Thing-romao) is a tall, 
evergreen tree with a dense foliage, up to 24 m. or 
more in height and 2 m. in girth, found in the hills 
of Assam, Madras and Kerala at altitudes of 
9(X)-i,5(x) m. : it has also been recorded from the 
Nicobars. The tree is sometimes grown in gardens for 
ornament. The wood is grey, slightly aromatic, even- 
grained, moderately hard and light (sp. gr., 0.49 ; wt., 
5*3 529 kg./cu.m.). Graveyard tests have showm a 
durability of 2-5 years. The timber is utilized more 
or less for the same purpo.ses as that of P. neriif alius 
(Gamble, 702 ; Rodger, 149 ; Purushotbam et al., 
Indian For., 1953. 49)- 

Amongst the species introduced into India for trial 
purposes, P. clongatus L* Herit., P. fakatus R. Br. cx 
Mirb. (OiKNiQUA Ykllow-Wooo), and P. gracilior 
Pilger (Musengkra), natives of Africa, and 
P. montanus Lodd. syn. P. montanus var. diversifolius 
Dallimore & Jackson, P. taxifolia Kunth (Pino), a 
native of South America, are worthy of mention due 
to their timber value in their native countries. Of 
these, P. gracilior, a medium-sized tree, has been 


doing well in the Forest Research Institute, Dehra 
Dun, for over forty years, and P. montanus, a small 
tree, has established itself in the Nilgiris. The wood 
of P. gracilior is found suitable for doors, flooring, 
panelling, and furniture, taking nails better than 
most of the yellow-woods. The wood of P. montanus 
is used for cabinet-work. P. macrophylltis D. Don 
(Kusamaki), a native of China and Japan, is an orna- 
mental tree grown in gardens for its graceful, dense, 
dark green foliage. P. macrophylltis var. maki Sieb. 
syn. P chinensis Wall, stands clipping well and is 
planted for hedges in Japan (Krishnamurthi, 222 ; 
Mukherji & Thapar, Indian For., 1961, 87, 484; 
Raizada & Hingorani, 34 ; Handbook of Empire 
Timbers. 114, 138 ; Dallimore & Jackson, 67, 70, 76 ; 
Streets, 617 : Benthall, 480). 

PODOPHYLLUM Linn. (Bcrheridaceac) 

A small genus of herbs distributed in the north 
temperate regions. Three species are reported from the 
Himalayan region of India of which P. Iicxandrum 
constitutes the source of an important pharmacopoeal 
drug (Indian Podophyllum). 

P. hexandrum Roylc syn. P. emodi Wall, ex Hook. f. 
& Thoms. Indian Podophyllum 
D.E.P., VI(i), 299 : C.P., 904 ; El. Br. Ind., I, 112 ; 
Nakao, 142, Fig. 187 & 188. 

H\sin—Bakrachimaka, hhavanhakra, papra, papri ; 
Benc. -Papra ; Mar. — Padwcl, patvel ; Ctq. — Venivcl, 
Punjab — Bankakri, papri; Kashmir Banwangan. 
An erect, glabrous, succulent herb, 35-60 cm. high, 
with creeping, perennial rhizome, bearing numerous 
roots found in the inner range of the Himalayas 



Bot. Sttrv. India. Photo : M. A. Rau 


FIG. 6(F-P0D0PHYI.LUM hexandrun-fruiting branch 
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from Kashmir to Sikkim, at altitudes of 3,(xx>- 
4,2(X) m. Leaves 2 or 3, orhieular-reniform, palmate, 
peltate, with lohed segments ; flowers solitary, white 
or pink, cup-shaped ; fruit an oblong or elliptic berry, 
2.5'-5.o cm. diam., orange or red, containing many 
seeds embedded in the pulp. 

This species exhibits a certain amount of variation 
in its botanical features. Specimens collected mostly 
from the eastern Himalayas differ from those of the 
north-western Himalayas, particularly in the nature of 
leaf-insertion. They have been classified into three or 
fo!ir varieties, viz. var. hexandrum, var. axillaris, var. 
bhootanensis and var. jaeschkei |Chatterjee, Rcc. hot, 
Surv, India, 1953, 16 ( 2 ), 44 ; Kcon, Boi,, 1952, 6, 342]. 

The plant flourishes well as an undergrowth in the 
fir forests, rich in humus and decayed organic matter. 
It is generally associated with species of Rhododen- 
dron, Salix, Jimipcrus and Viburnum, but is also met 
with in open alpine meadows, where its occurrence 
is less frecpient. The plant loves moist and .shady 
localities .situated between 2,500 and 4,000 m. 
(Chatterjee, Kcon, Hot., 1952, 6 , 342 ; Kapoor & Sarin, 
Bull, reg. Res, ImI),, Jammu, 1962, 1 , 38). 

The rhizomes and roots of the plant, which con- 
stitute the. drug, arc obtained entirely from wild 
plants growing throughout the Himalayas, especially 
from the Central Himalayas where they grow 
luxuriantly in open meadows at elevations of 3,000- 
3,5(x> m. The underground rhizomes remain dormant 
during winter and produce aerial shoots in April or 
May, depending upon the melting of snow at 
different altitudes and aspects. The shoots bear flower 
and fruit during summer and die down in November. 
Rhizomes which bear 3-5 aerial shoots are considered 
suitable for collection. The rhizomes and roots are 
dug up in spring or autumn, cleaned, dried in the 
sun, sifted, packed and stored in gunny bags ; some- 
times they are cur into cylindrical pieces and carefully 
dried. It is stated that rhizomes gathered in spring 
contain a higher resin content than those obtained 
in autumn. Freshly collected rhizomes are reported 
to contain larger (|uan titles of active principles which 
arc lost on prolonged storing |Chatterjee, Econ, Bot,, 
1952, 6 , 342 ; Chopra, 1958, 288 ; Kapoor & Sarin, loc. 
cit. ; Information from Messrs Sandoz (India) I^td.]. 

In view of the inaccessible areas from where the 
drug is obtained and the continuing demand for it 
both in India and abroad, attempts have been made 
from time to time to cultivate the plants, either from 
seeds or from rhizome cuttings. Seeds under natural 
conditions have been found to germinate after 


remaining dormant for one or two years, and if .sown 
without the pulp, even failed to germinate. Prelimi- 
nary treatments like .soaking them in water or treating 
with sulphuric acid had no effect. Seeds sown with 
the pulp in June or July immediately after collection 
also remained dormant for 9-10 months and showed 
germination only in the following spring, after the 
melting of snow. Seeds sown in boxes in Dehra Dun, 
however, showed germination in 3-7 months. Seed- 
lings .so raised took a number of years to produce 
fair-.sized, marketable rhizomes. Propagation by 
rhizome cuttings, i. 0-2.5 length, has also 

been tried. It has been found that the youngest top 
portions of the rhizome, bearing leafy buds gave the 
best results. Their grow’th, however, was slow and 
took 4-6 years to produce rhizomes suitable for 
exploitation (Troup, Indian For,, 1915, 41 , 3^1 : 
Badhwar & Sharma, ibid., 1963, 89 , 445 : Chopra, 
1958, 228 : Chatterjee, loc. cit. ; Jagjit Singh, Indian 
For,, 1964, 90 , 500: Krishnamurthy et al., ibid., 1965, 
47 «)- 

Utilization and Composition — Rhizome is irregular, 
tortuous, knotty, about 2-5 cm. long and 1-2 cm. 
thick, somewhat flattened dorsivcntrally ; upper 
surface is characterized by the presence of 3 or 4 cup- 
shaped .scars ; colour is externally yellowish brown to 
earthy brown. Surface, when transversely cut, appears 
smooth and is irregularly circular in outline. Odour 
is slight and characteristic ; taste is somewhat hitter 
and acrid ; powder intensely irritating to the eyes. 
Roots are adventitious and arise mainly from the 
enlarged portion of the rhizome and attain a length 
of about 7 cm. and a thickness of 2.5 mm. Fracture 
of both rhizome and root is weak, brittle and even. 
Odour of root is slight ; taste is disagreeably hit t el- 
and acrid (I.P., 488 : Datta ik' Mukerji, Bull, 
Pharmacogn, I Mb,, No. i, 1950, 30). 

The dried rhizomes and roots of F. hrxandrum 
(Indian Podophyllum) are oflicial in I.P. and form the 
source of a medicinal resin. Oflicial podophyllum 
contains not less than 8 per cent resin, and is utilized 
almost entirely for the preparation of Podophyllum 
Resin or Podophyllin, commonly used as a purgative. 
The resin content of the roots and rhizomes varies 
with locality and the season «)f collection, and on an 
average ranges from 7 to 15 per cent. Drying of the 
rhizome in the sun does not appear to affect the resin 
content. Rhizome collected in May has a higher re.sin 
content than that collected in November : the older 
rhizome.s, however, yield a resin richer in podophyllo- 
toxin. According to B.P.C.. the roots form a large 
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proportion of the Indian drug and are mainly 
detached from the rhizome. The roots are richer in 
resin than the; rhizomes and it has been recommended 
that the roots should be gathered in May when the 
plant is in flower. The leaves yield 7.8~y.7 per cent 
of resin and it has been suggested that they should 
form the main source of this drug in view of the slow 
growth of the rhizomes and roots, the rapid depletion 
of the natural growth and absence of any active 
regeneration (I.P., 488 ; 1963, 635 ; Puran 

Singh, Indian For, Bull,, NS., No. 9, 1912 ; Hussain 
et al, /. Pharm,, Loud., 1954, 6, 62 ; U.S.D., 1955, 
1081). 

In recent years, the resin podophyllin and its active 
principle, podophyllotoxin, have received consider- 
able attention for their tumour necrotizing properties. 
Podophyllin is listed in various pharmacopoeias and 
formularies. B.P. recognizes the dried roots and 
rhizomes of both P. hcxandruni and the American 
plant P, peltatum Linn, as the sources of the resin, 
podophyllin. The resin is extracted from the rhizome 
by precipitation of its alcoholic extract with slightly 
acidulated water. The American Podophyllum has a 
lower content of resin (2-8%) and its resin contains 
about half the amount of podophyllotoxin as that of 
the Indian podophyllum ; the active principles, a- and 
/i-peltatins, isolated from the former arc, however, 
absent in P. hexandrutn. Podophyllins from the two 
sources are stated to differ little in their physiological 
activity (B.P., 1963, 625 ; U.S.D., 1955, 1078). 

Podophyllin is an amorphous powder varying in 
colour from light brown to greenish yellow or 
brownish grey, with a characteristic odour and bitter 
and acrid taste. On exposure to light or to tempera- 
ture above 25®, it becomes darker in colour. B.P. 
rec|uireinenr.s for podophyllin arc: alcohol (95%)-insol. 
matter, ^>25 mg./g. ; dil. ammonia-insol. matter, 
<1^180 and ^>250 mg./o.5 g. in P, hexandrum resin, 
and ^50 mg./o.5 g. in P. peltatum resin ; loss on 
drying, ]i^5.o‘X, ; and siilphated .ish, ]]^i.o%. Accord- 
ing to I.P., podophyllin (from P. hexandrum) contains 
not less than 40 and not more than 50 per cent 
podophyllotoxin (B.P., 1963, 625 ; U.S.D., 1955, 1079 ; 
LP., 487). 

The resins from P. peltatum and P. hexandrum can 
be distinguished by treating their alcoholic solutions 
with aqueous potassium hydroxide, when the resin of 
the former docs not gelatinize but that of the latter 
produces a stiff jelly. Another distinction is that a 
few drops of a strong solution of copper acetate 
produce a bright green colouration with the alcoholic 


extract of the resin from American podophyllum and 
a brown precipitate with that from Indian podo- 
phyllum (B.P., 1963, 625 ; Denston, 283). 

Podophyllin from P. hexandrum contains podo- 
phyllotoxin as the major active constituent, in 
amounts ranging from 32 to 54 per cent ; a number of 
other related compounds and their glucosidcs have 
been isolated from the resin (Table i). It also contains 
quercetin (8%), kacmpferol, astragalin (kaempfcroI-3- 
glucosidc), an essential oil (3.7%) responsible for the 
odour of podophyllin, wax (8.6%) and mineral salts. 
Podophyllotoxin is a lignan compound (a substance 
whose structure is based on 2,3-dibenzylbutane) with 
a labile lactone ring and a trans [i\ 2 ) 4 rans (ziT^yds 
(3:4) configuration. Several polymorphic modifica- 
tions and solvates of podophyllotoxin, with varying 
melting points, have been obtained. In alkaline 
solution, it is readily converted to its Cj cpimer, 
picropodophyllin ; the related compounds of the 
toxin series likewise epimerize with alkalies to the 


TABLE 1 — LIGNAN COMPOUNDS OF PODOPHYLLIN 


FROM 

P. HEXANDRUM 



Mol. formula 

Jll.p. 

IHMiophyllotoxin* 


a* 

Fodophyllotoxin-/?-D‘ 

gliicosidc" 


149 52" 

PicTO|X)dophyllin' 

c„n,,o. 

235-36 7252 54" 

1 -0-(/9-D-glucopy raiiosy 1)- 
picropudophyllin* 


237 38° 

4'-I lemcthy l|M)dophy Ho- 
toxin^ 


250 52” 

4'-lX*nict h y Ipodoph y 1 lo- 
toxiii /I'D glucoside" 


165-67’ 

Dehydropodophyllo- 

toxin®.” 


272-74" 

PtKloph y llol ((HKlophy llo- 
resin)' 

C„n„<),. H/) 

115" decoiiip. 

Podophyllic arid*-** 


163 65" decomp. 

4'-Demcthyldcoxypodo- 
phylloto'xin /J-o-gluco- 
sidc' 


146 58” 


* Kelly & Hartwell, J. nat. Cancer Inst., 1953 -54, 14 , 967 ; 
■Schreeker ct at., /. orff. Cticm., 1956, 21 , 2H« ; "Stoll el at., 
J. Amer. t hem. Hoc., 1954, 76 , 3103, 5004; ^ Nadkarni el at., 
ibid., 1953, 75 , 1308; ^ Chem. Abslr., 1959, 53 , 22477; 'Wariburg 
el at., Uetv. chim. acta, 1957, 40 , 1331 ; ' Wartburg el al., ibid., 
1964, 47 , 1203. 

■^183-84”, 188-89° (polymorphic unsolvalcd forms); 161-62” 
(with water of crystallization); 114-18" (with water and benzene 
of crystallization). 

h Tlie compound is an artefact and does not occur naturally in 
podophyllin. 
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corresponding members of the picro series. Picro- 
podophyllin hydrolyses with sodium hydroxide to 
podophyllic acid, which in turn is lactonizcti exclu- 
sively to the original picropodophyllin ; both these 
compounds do not occur as such in pcxlophyllin, and 
are the alkali conversion products of podophyllotoxin. 
Podophyllol is hclicveil to consist essentially of a 
lignan related to podophyllotoxin. a- and /^-Peliaiins 

(C„II„A. m p. 23'-33°. anti mp- 231- 

38°, respectively), isolated from P. pcllatum bear the 
same structural relationship to each other as deme- 
thylpodophyllotoxin and dehydropodophyllotoxin 
I Kelly & Hartwell, /. rial. Cancer Inst., 1953-54, 14« 
967 ; Chakravarii & Chakraborty, /. Amcr, pharm, 
/Iw., sci, Edn, 1954, 43, 614 ; Chem. /tfcs/r., 1955, 49, 
9106 ; Nadkarni ct aL, /. Amcr. chem, 5oc., 1953, 75, 
1308; Hartwell & Schrecker, ibid., 1951, 73, 2909; 
Wartburg & Kuhn, Experientia, 1965, 21(2), 67 ; 
Pankajamani & Seshadri, Proc, Indian Acad, Sci,, 
1952, 36A, 157 : Schrccker el al,, J, org, Chem,, 1956, 
21, 288 ; Wartburg el al,, Helv, chim, acta, 1957, 40, 
'33'1- 

Podophyllin is consitlcrcd a cholagoguc, purgative, 
alterative, emetic and a bitter tonic. It is a drastic but 
slowly acting purgative producing copious watery 
stools ; it may cause much griping, and is therefore 
given in conjunction with belladonna and hyoscya- 
mus. It can also be used like colchicine, in cytological 
work because it affects spindle formation and dis- 
perses chromosomes. Owing to its cytotoxic action it 
is used as a paint in the treatment of soft venereal 
and other warts. Podophyllin is a toxic material and 
is strongly irritant to skin and mucous membranes. 
In large doses, it causes severe vomiting, diarrhoea 
and may result in death ; exposure 10 its dust may 
cause similar sym|)toms. Podophyllin is also used in 
veterinary medicine as a cathartic for dogs and cats. 
Its action on horses and cattle is variable and 
frequently ineffective. An ointment of podophyllin is 
employed to remove warts in animals ; care is taken 
that it is not licked off by the animal and does not 
come in contact with the eyes (I.P.C., 208 ; Nadkarni, 
I, 994 : Sullivan & Wechsler, Science, 1947, 433 » 

B.P.C., 1963, 637 ; Chopra el al„ I, 140 ; U.S.D., 1955, 
1079, 2009 ; B.V.C., 288). 

Podophyllin and its active principles stimulate 
peristalsis of the isolated small intestines and of the 
colon of the guinea-pig, depress the isolated duode- 
num of rat, but cause contractions of the isolated 
ileum of guinea-pig : like many other purgatives, the 
drug combines with serum albumin. The cardio- 


vascular effects of suh-lethal doses of podophyllin arc 
rejMirled to be relatively mild and transitory. At 
lethal doses, a failing respiration and muscular 
dystrophy were accompanied by a fall in blood 
pressure to shock levels. Interruption of pregnancy 
was protluced in inice and rabbits by intravenous, 
subcutaneous, or oral administration of nondethal 
doses of podophyllotoxin. 'Phe toxin completely in- 
hiliits the larval development of houseflies, the lowest 
effective concentration being 0.12 per cent by weight 
(Kelly & Hartwell, loc. cit. ; Chem, /1/;.s7r., 1958, 52, 
20653 : Wiesner & Yudkin, Nature, Land., 1955, 176, 
249 : Konecky & Mirlin, /. econ. Ent„ 1955. 48, 219). 

Podophyllin has been tried in the treatment of a 
number of diseases, particularly those characterized 
by warty lesions of the skin and neoplasms occurring 
in the regions of the body accessible to topical 
therapy. It is considered the drug of choice in the 
treatment of condyloma acuminatum because of its 
eflectiveness, the simplicity of treatment and the 
absence of severe pain to the patient. Podophyllin has 
been tried in tinea capitis with ec|ui vocal results. It 
has been described as an effective vermifuge, first 
stimulating, then paralysing and finally killing 
Ascaris, It has given symptomatic relief in some of 
the allergic and inflammatory conditions of the skin. 
Papilloma of various .sites anti .senile kerato.ses have 
re.sponded satisfactorily to podophyllin (Kelly & 
Hartwell, loc. cit.). 

During recent years, podophyllin has acc|uired 
special importance for its po.ssil)le use in controlling 
.some forms of cancer ; the limiting factor has been 
the severe gastro-intestinal di.scomfori which follows 
its ii.se in liigh do.ses. The cytotoxic effect (mitotic 
arrest, nuclear fragmentation, other evidence of 
cellular damage) of the drug is similar to that of 
colchicine. As a karyo|)lastic, it affects both dividing 
ami non-dividing cells. The mitotic effect has been 
observed in skin, intestitial mucosa and tumour 
ti.ssiie, after parenteral administration or topical 
application of podophyllin. At relatively non-toxic 
dose levels, the peripheral blood leucocytes arc 
reduced, the bone marrow appears hypoplastic, spleen 
and other lymphatic ti.s.sues are decreased in si/e, the 
adrenal cortex is depleted of lipid, and marked 
nccro.sis and haemorrhage arc produced in experi- 
mental tumours. The minimum effective dose (to 
cause appreciable damage to tumour) of podophyllin 
from P, hexandrum, for a single subcutaneous injec- 
tion in mice bearing implants of Sarcoma 37, was 
found to he 6 /^g./g. body weight (Kelly ^ Hartwell, 


173 



PODOPHYLLUM 


loc. cit. : McCardIc & l>)\vning. Cancer Res,, 1947, 
7 , 717 ; Clicni, Ahsir,, 1956, 50 , 9599 ; Nadkarni et al, 
loc. fir.). 

l^nlophylldtoxin and a- and / 3 -pcltatins have high 
pofcncy in inducing damage in Sarcoma 37 and in a 
variety of other tumours including adenocarcinoma, 
carciiu)ma and melanoma. In case of mice bearing 
Sarcoma 37, the minimum effective dose of each of 
the three compounds was about 2 /Ag-Zs- ^ single 
suhcuianeous injection but several-fold higher doses 
were required orally. The maximum tolerated dose, 
in a single injection, was 30-40 /«g./g. for these com- 
pounds as well as podophyllin. Tumour damage was 
observed in general as early as 6 hours after injection. 
4'-Dcmefhylpodophyllotoxin has also been found to 
he higlily active against Sarcoma 37. The other 
lignan com|M)unds and their glucosidcs, and quer- 
cetin occurring naturally in podophyllin, are miicht 
less active. 'ITie tumour damaging potency of the 
podophyllin compounds is said to be closely asso- 
ciated with their stereochemistry (Leiter et al,, J, nat. 
Cancer Inst,, 1949-50, 10 , 1273; Greenspan et al,, 
ibid., 1949-50, 10 , 1295; Kelly & Hartwell, loc. cit.; 
Chem, Ahsir,, 1960, 54 , 11296). 

The mechanism of the action of podophyllin and 
its active constituents on tumours is incomplelely 
understood. It has been suggested that the necrosis 
is a direct conse(]ucnce of a cytotoxic effect on 
tumour tissue ; a ra[)id and marked reduction of the 
cytochrome oxidase was observed in tumour homo- 
genates from animals treated with the podophyllin 
derivatives. Another hypothesis is that the primary 
locus of action of the drug is the vascular system, 
but a number of observers have found no correlation 
between tumour necrotizing activity and the effect on 
arterial blood |)ressurc of the drug (Warwadekar et 
al, J, nat. Cancer Inst,, 1952-53, 13 , 393 ; I^ighton 
et al. Cancer Res., 1957, 17 , 336). 

Podophyllotoxin, ft-pelratin, and /?-peltatin have 
pharmacological properties similar to those of potlo- 
pliyllin, hut cause fewer undesirable or unpredictable 
side effects, permit precision dosage, and afford a 
better margin of safety. These crystalline products of 
podophyllin are commercially available. A number 
of derivatives of these products have been prepared 
for their cancer chemotherapeutic studies and their 
methods of preparation patented. Patents have lieen 
taken for preparing stable aqueous solutions of podo* 
phyllum glucosidcs, useful in cases of cardiac insuffi- 
ciency. Amides of podophyllic and picropodophyllic 
acids have been found to possess very low toxicity 


and u.seful cathartic properties. Clinical trials have 
indicated that pxlophyllotoxin is useful in the 
treatment of Microsporum audouini scalp infections 
(Kelly & Hartwell, loc. cit. : Chem, Ahstr., 1961, 55 > 
14835, 27788, 22270; 1953, 47 , 12524). 

The rhizomes and roots of the plant have been 
suggested as a source for the preparation of quercetin. 
The fruits arc said to be edible ; when they ripen in 
June-Septetnher, they are said to be sought after and 
gathered by Tibetan boys grazing their yak herd. 
No details are known about their edible j)roperties. 
Fruits of the American species P. peltatum, when 
ripe, have a sub-acid, sweetish, peculiar taste, and are 
sometimes eaten ; they are also said to he preserved. 
When green they are said to be bitter (Nakao, 142 ; 
U.S.D., 1955, 1077 ; Ernst, /. Arnold Arbor,, 1964. 
45 , i). 

Production and Trade — Most of the Indian drug 
is obtained at present from plants growing wilil, 
particularly in Jammu and Kashmir, Himachal 
Pradesh and parts of Uttar Pradesh. Since the supply 
is made from inaccessible areas, the cost of collection 
is high and it is difficult to compete with the 
American Podophyllum (P. peltatum) which is 
offered at a lower rate. Further, the Indian drug 
samples are not uniform in tpialiiy, as the collections 
are made from localities at different elevations and 
climatic conditions. The annual supply is at present 
estimated at 50-80 tonnes from the above localities, 
while the demand is more than too tonnes. It is stated 
that due to vigorous collection, to meet the increasing 
demand, there is a fear of depleting the naiiiral 
growths, since their regeneration is slow. .Steps arc 
being advocated to cultivate the plant in suitable 
places under forestry conditions and assure a more 
sustained and uniform material (Kapoor & Sarin, 
Bull. rcg. Res, Lab., Jammu, 1962, 1 , 38 ; Chatterjee, 
Econ, Bot,, 1952, 6, 342 ; Badhwar & Sharina, Indian 
For., 1963, 89 , 445). 

P. sikkimensis R. Chatterjee & Mukerjee 

Rec. hot, Surv. India, 1953, 16(2), 48. 

An erect glabrous herb. 15-30 cm. high, found in 
Sikkim. Rhizomes stout, globular, 2.3-3.0 cm. x 2.0- 
4.0 cm. ; leaves orbicular-rcniform, palmate, 6-8- 
partite ; flowers pink, cup-shaped ; fruit an elliptic 
berry. 

The rhizomes and roots of the plant yield a brown 
resin (7.5%) possessing tumour damaging activity. 
The resin contains a new lignan lactone designated 
sikkimotoxin (CasHacO^, m.p. 120°), 3-galactosidyl 
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FIG. 61-PODOPHYLLUM SIKKIMENSIS-UNDERGROUND ROOTS 

quercetin, (juercctin and /.vorliamnctin. The lactone is 
said to have properties analogous to those of podo- 
phyllotoxin, and on base-catalysed epimerization 
changes to i.vo-sikkimotoxin (m.p. 220-22®). A more 
recent investigation has raised doubt to the correct- 
ness of the proposed structure or the purity of the 
lactone (Chatterjee & Chakra varti, /. Amer. pharm. 
Ass., sci. Edn, 1952, 41 , 415 ; Chakravarti & Chakra- 
horty, ibid., 1954, 43 , 614 ; Schreir, Hclv. chim. acta, 
1963 , 46 , 7 j). 

POECILONEURON Bald. {Cullifcnn’) 

A small genus of two species of evergreen trees 
indigenous to South India. 

P. indicum Redd. 

I).E.P., VI(i), 306; FI. Br. Ind., I, 278. 

Tam. — Ptithangkolli ; Kan. — Ballagi, kirballi : 

Mal. — Vayila. 

Tradf: — Balia gi. 

A large tree, up to 36 in. or more in height 
and 2.5-3.0 m. in girth, with a clean straight bole 
found in the western ghats from North Kanara to 
Travancore at altitudes of 300-1,200 m. ; older trees 
arc often buttressed. Bark dark grey to brown ; 
leaves elliptic, 10-25 cm. long, coriaceous ; flowers in 
terminal panicles, yellowish white, small, fragrant ; 
capsule ellipsoid, 1 -seeded. 

The tree is generally found on wind-swept ridges 
and hill slopes with moist well-drained clayey or 


loamy soil. It grows more or less gregariously, some- 
times forming pure patches. It tolerates shade in early 
stages but becomes a strong light dcinandcr with 
age. Natural rcprcxiuction lakes place freely by seeds ; 
seedlings are, however, sensitive to drought and large 
numbers of those which spring up in exposed sii na- 
tions perish in the ensuing hot season. Ariilicial 
propagation may be done by transplanting young 
nursery raised seedlings : notching germinating seeds 
has also been recommended. Stump planting is not 
successful. ITie tree has a moderately fast rate of 
growth in early stages and attains a height of 2.1 m. 
in 5 years ; an average annual girth increment of 
1.1 cm. has been recorded. It coppices well. The tree 
is attacked by a buprestid borer, Clirysochora sp.. 
causing considerable damage to the wood (Troup, I, 
22-23 f Kadarnbi, Indian For,, 1954, 80 , 323 : Mathur, 
ibid., 1958, 84 , 40). 

Wood is brownish red with somewhat well demar- 
cated darker heartwood, dull, smooth, straight- or 
interlockcd-grained, medium coarse-text tired, tough, 
very hard and heavy (sp. gr., c. 1.14; av. wt., 
>»‘37 kg./cu.m.). Two types of trees, the black 
and the white, are sometimes distinguished in 
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Mysore forests ; the former is reported to yield 
darker, almost black, stronger and heavier wood than 
the latter. The wood is dillicult to season and develops 
deep surface cracks and end-splits, especially during 
kiln-seasoning. If left in the log it is liable to develop 
star shake. It is fairly durable ; graveyard tests 
sliowed an average life of 5-8 years. The timber is 
very refractory to treatment, penetration of preser- 
vatives being practically nil. It is difficult to saw, hut 
works fairly well both by hand and by machine. *^1110 
data for the comparative suitability of the timber, 
expressed as percentages of the same properties of 
teak, arc: wt., 1A5 ; strength as a beam, 140 ; stiffness 
as a beam, 150 ; suitability as a post, 145 ; shock 
resisting ability. 145 ; retention of shape, 45 ; shear, 
180; and hardness, 2A5 (Pearson & Brown, I, 60-62 ; 
Limaye & Sen, Indian For. Rcc.y N.S., Timb. Mccli., 
1953, 1 , 94 : Limaye, ibid., 1954, 1 , 57, Sheet No. 16 ; 
Purushotham ct ah, Indian For., i953« 79 , 49 : Prasad 
et aL ibid., 1964, 90 , 32 ; Kadambi, loc. cit. ; lndi<in 
Wo(k1s, I, 84). 

Wood is used for heavy constructional work such 
as beams, trusses, joints and rafters and for bridges. 



Dchra Dun. Photo : Rtinicsh Rtto 

FIG. 63-POECILONEURON INDICUM-TRANSVERSE 5ECT1(»S 
OF WOOD (xIO) 


It is used also for agricultural implements, rice 
pounders and walking sticks. Its most important use 
in Mysore State is for electric transmission poles, 
after proper seasoning and treatment. The wood is 
suitable also for railway sleepers and paving blocks 
|Pearson & Brown. I, 62 ; Limaye, loc. cit. ; /. Timb, 
Dryers' & Pres. /Ias. India, 1956, 2 (i), 28 ; Kadambi, 
loc. dt. ; Trotter, 1944, 208]. 

Friedelin has been isolated from capsules of the 
plant (Anjaneyiilu ct al., Indian ]. Clicm., 1965, 3 , 

237)- 

P, pauciflorum Bedd. is a tree up to 18 m. in 
height and 1.9 m. in girth, found in Tirunelveli and 
hills of Kerala at altitudes of 600- i,5cx) m., mostly on 
banks of streams. The wood is reddish in colour, hard 
and heavy, resembling that of P. indicum. It is used 
for building purposes and for walking sticks. 

POGONATHERUM Beauv. {Gramincac) 

A small genus of annual or perennial grasses found 
in rocky places in south-eastern Asia and eastwards 
to Australia and Japan. Three species arc recorded 
in India. 

P, crinitum Kunth 

FI. Br. Ind., VI I, 141 ; Blatter & McCann, 25. 

A densely tufted grass found more or less all over 
India up to i, 5(K) m. Leaves 2.5-7 .5 
2.J-5.0 mm. broad, linear-lanceolate, more or less 
hairy ; racemes terminal, 2.0- 2.5 cm. long with 
awned spikelets. 

The grass grows gregariously on newly exposed 
.soils and along stream banks. It is of little u.se as 
fodder, but young parts may be eaten. Analysis of the 
grass gave the following values (on dry basis): 
protein, 3.5 : ether extr., 1.8 ; crude fibre, 38.5 : carbo- 
hydrates, 47.0 ; mineral matter, 8.0 ; calcium (Ca(^), 
0.85; and pluKsphorus (PaC)-.), 0.21';,', (Bor, i960, 202; 
Burkill, n, 1780; Chopra ct al., Indian J. agric. Sci., 
1956, 26 , 415). 

A paste or ashes of the whole plant may he used as 
an application for skin disea.ses (Burkill, II, 1780). 

P. paniccum Hack. syn. P. .saccltaroidcuni Beauv. ; 
Sacchartim paniccum Lam. (Bamhoo Grass), a much 
tufted leafy gra.ss, closely resembling I\ crinitum, 
often growing on rocky banks, is found throughout 
India. The gra.ss is frecjiicntly grown as an ornamental 
pot plant. It is 30-60 cm. high and looks like a dwarf 
bamboo. It is not eaten by cattle (Bor, i960, 202 ; 
Rhind, 64 ; Meredith, 486). 

Pogonia — see Nervilia 
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POGOSTEMON Dcsf. {Labia tae ; Lamiaccac) 

A genus of mostly aromatic herbs and shrubs, 
distributed in the Indo-Malaysian and Sino-Japanesc 
regions. About 30 species occur in India. 

The leaves of P, cablin yield the Patchouli Oil of 
commerce which is used in perfumery and medicine, 
and is imported into India in considerable (|uantities. 

P. cablin Benth. syii. P. paicliouli var. sauvis Hook. f. 
Patciiouu 

D.E.P., Vl(i), 307 in part ; C.P., 904 ; FI. Br. Ind., 
IV, 634. 

A much-branched, erect or ascending herb, or an 
yndershruh, up to 1.2 m. high, cultivated in India 
on a small scale for the extraction of essential 
oil and also sometimes grown in gardens. I craves 
5 -10 cm. X 3-8 cm., ovate, crenate-scrraie or lohulate, 
somewhat lomentose. gland dotted beneath ; flowers 
white with purple streaks, in contiguous whorls on 
terminal and axillary spikes. 

The origin of P. cablin is uncertain. Its occur- 
rence in the Philippines in a state of nature, at places 
remote from any settlement, indicates that this may 
perhaps he its native country. It has also been 
recorded to occur in a wild state in parts of eastern, 
western and southern India, and .some authors have 
mentioned that it is a native of India and Ceylon. 
Patchouli is cultivated on a commercial scale in 
Indonesia and Malaysia and on a small scale in a 
number of tropical countries in Asia, Africa, and 



Photo : CIMPOt Batif^alore 
FIG. 64— POGOSTEMON CABLIN— YOUNG PLANTS 


South America (Burkill, II, 1782 ; Sampson, Kew 
Bull,, Addl Scr.y XII, 1936, 1.44 ; Mcnon, Bull, Indian 
Cocon, Comm,, 1954-55, 8, 25 ; FI. Java, II, 633 ; 
Uphof, 72 : Guenther, III, 553). 

In India, systematic cultivation of patchouli was 
started in 1952, though stray attempts had earlier 
been made. With a view to determining the most 
suitable strain, cuttings ol Indonesian, Johore and 
Singapore strains were imported. 'Fhe crops were 
raised on a small scale at Mungpoo and l^tpanchor 
by the Cinchona Department, (Government of West 
Bengal : at Nilgiri and Anaimalai hills under the 
Government Cinchona Department, Ootacamund ; 
and at Bangalore by (/) the Indian Institute of 
Science, (11) the Forest Research I.,;ihoratory, and 
{Hi) the Central Indian Medicinal Plants Organiza- 
tion (CIMPO). At Bangalore, patchouli crops sull'ered 
heavily owing to severe nematode infection. Patchouli 
cultivation has also been tried in Assam, Madhya 
Pradesh and Kerala. The trials conducted at Bangalore 
and in the Nilgiri and Anaimalai hills indicated that 
patchouli can he successfully grown at many places 
in India, johore strains have lieen found to yield 
better (|uality oil, though the total yield of leaves 
as well as oil is reported to he more from the other 
two strains ((Gulati, Indian Pvrjum,, 1963, 7, 29 : 
Virmani ct al., Perfum, cssnil. Oil Rcc., 1967. 58 , 
618 ; Bhadran, Bull, rc^. Res. Lab., Jammu, 1963, 1 , 
87 : Srinivasan & Bose, ibid., 1963, 1, 107). 

Patchouli is a hardy plant and adapts itself to a 
wide range of soils and climatic conditions. It 
flourishes best on well-drained fertile soil, preferably 
virgin forest lands, in damp and suh-tropical 
climates. A deep loamy soil, rich in humus and 
nutrients, with a loose friable consistency and with- 
out impervious layers in the top-soil is said to he the 
best for optimum oil production. Well-drained allu- 
vial soils which are capable of holding moisture are 
also suitable. The pH of the soil should he 5.5 6.2. 
The crop reejuires a fairly heavy and evenly distri- 
buted rainfall (150-300 cm.) or periodic irrigation. A 
temperature of 24-28° and an average atmospheric 
humidity of 75 per cent are ideal |Soepadyo Sc ’^lan 
Hong Tong, World Crops, 1968, 20(1), .|S : CGiilati. loc. 

Cultivation — Patchouli is cultivated either through 
seeds or cuttings. Since the crops raised from seeds 
show a wide variation in the leaf characters and oil 
yields, cuttings are preferred. They are best raised 
during the rainy season. It has been found in the 
plantations of the Government Cinchona Depart- 
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mciit, Ootacamuncl. that stem cuttings 10.0-12.5 cm. 
long, consisting of 3-4 nodes, especially with the 
terminal hud and a crown of leaves, arc quite suitable. 
Recent experiments have, however, shown that 25 cm. 
long cuttings give higher percentage of rootings than 
the shorter ones. When there is scarcity of cuttings, 
single-node cuttings or split-cuttings may be employ- 
ed, though their initial rate of growth is comparatively 
slow. 

'Flic cuttings are raised in nursery beds at a spacing 
of 10 cm. X 10 cm. They require irrigation and shade 
to begin with, hut the shade is gradually lessened 
and ultimately removed about 10 days before trans- 
planting. Erythrina spp. may he planted as shade 
trees. The cuttings are ready for transplanting after 
about six weeks ; under favourable conditions 85-90 
per cent of the cuttings strike roots. Experiments 
conducted at Mungpoo have indicated that by the 
use of indole acetic acid, the cuttings show early 
rooting. The cuttings are usually transplanted in the 
field ai a spacing of 90 cm. x 90 cm. ; with this 
s|)acing a hectare contains about i2,o(x> plants 
(Giilati, loc. cit. ; Information from Director of 
Agriculture, Madras : Chatterjee, Sc/. & Cult,, 1959- 
60. 25 , 687). 

Iu)r direct planting, 15-20 cm. long cuttings are 
planted in the field, 2 or 3 cuttings per planting {M)int. 
During the early stages shade and sufficient moisture 
are the chief recpiirements. The shade is removed 
after the plants get well established. Experiments 
carried out in Indonesia have indicated that 
(/) unrooted cuttings seldom get established ; 
(ii) cuttings planted at an angle give better results 
(87';;,) as compared to those planted erect (59%) ; 
({ii) cuttings from middle point of the stem give more 
sprouting than cuttings from the ends ; and (iv) those 
from 9 month-old stems seem to give the best plant- 
ing success (83-90%) as compared to younger and 
older cuttings (Soepadyo & Tan Hong Tong, loc. cit.). 

The plantation rec|uires 3 or 4 interculturings in 
the first year, and at least twice a year thereafter. 
The (juantiiy of the oil in the leaves decreases after 
2 3 years and its (juality deteriorates. Replanting of 
the crop, therefore, becomes necessary. In Russia, 
patchouli is grown as an antnial crop, and the entire 
aerial portion of the plant is utilized for the extrac- 
tion of the oil (Gulati, loc. cit. : Soepadyo & Tan 
Hotig Tong, loc. cit. ; lacohashwili, Perfum, essent. 
Oil Rcc\, 1961, 52 , 226). 

Patchouli can profitably be grown as a catch crop 
in rubber and coconut plantations, and also in 


orchards. At Nossi Be (Malagasy), it is reported to be 
cultivated in coffee plantations and amongst the trees 
which support the black pepper vines (Gidati, loc. 
cit. : Menon, loc. cit.). 

Patchouli is a soil-exhausting crop, requiring 
liberal manuring. Tbe plants respond well to both 
organic and inorganic nitrogenous fertilizers. It is 
reported that an application of farmyard manure at 
the rate of 11.250 kg. together with 228 kg. each of 
ammonium sulphate and superphosphate per hectare, 
after each harvest of leaves, results in better yield of 
leaves. Cowdung manure and fish guano are also said 
to increase the yield. Foliar application of urea 
solution seems to benefit growth as well as leaf 
production (Gulati, loc. cit. ; Menon, loc. cit. ; 
Soepadyo & Tan Hong I'ong, loc. cit.). 

Pests and Diseases — Nematodes attack the roots of 
patchouli, particularly in wet weather, resulting in 
wilting, followed by the death of the plant. Injecting 
the soil with Shell D.D. or Nemagin is an effective 
control measure, but proves costly in large-scale 
plantations. Weevils bore into the .stems at the 
nodes ; they produce galls, resulting in the drying up 
of the upper portion. Application of Folidol E605 in 
a concentration of 50 g. in 100 litres of water is 
recommended as a control measure. Grasshoppers and 
scarlet-mite feed upon the leaves and tender shoots. 
Dusting with 10 per cent BHC controls the grass- 
hoppers. Aromite or Akar 338 is effective against 
mites. A bacterial disease of patchouli has also been 
reported ; it causes severe damage, especially during 
the dry weather periods. The leaves gradually 
become brittle and dry up ((Julati, loc. cit. ; Informa- 
tion from the Director, Government Cinchona 
Department, Ootacamund). 

Harvesting and Curing The first harvesting of the 
leaves is done 4-6 months after planting, subse(|uent 
pluckings being at about the same intervals. Plucking 
is done in the cool hours of mornings and evenings, 
before the leaves turn yellow or brown. Young shoots 
arc cut 10-25 cm. below the apex to obtain at least 
3-5 pairs of mature leaves : when the growth is 
vigorous, longer .shoots may he plucked. In practice, 
a few .shoots arc always left unplucked to ensure 
better growth for the next harvest. The leaves obtain- 
ed from first two or three pluckings arc reported to 
yield better (juality oil. The data regarding the yield 
of leaves show a great variation and arc inconclusive. 
Johore and Singapore strains, grown in the Forest 
Research Laboratory, Bangalore, were estimated to 
yield 2,(xx) and 7,000 kg. of air-dry herbage per 
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hectare per year respectively. In Sumatra, the annual 
yields have been reported to vary considerably, from 
800 to 3,600 kg. of air-dried leaves per hectare. The 
plantations in Johorc (Malaysia) yield about i.jcx) kg. 
per hectare of air-dried leaves at the first plucking 
and about 900 kg. per hectare from subsequent 
pluckings. About 1,400 kg. per hectare per annum is 
considered a fair out-turn (Gulati, loc. cit. ; Informa- 
tion from Director of Agriculture, 'Madras; 
Guenther, III, 558 ; Meiion, loc. cit.). 

Proper curing of the leaves prior to distillation is 
very important, as it improves both the yield and 
the quality of oil. The leaves are spre<id out in thin 
layers on a hard dry surface in .sheds, allowing free 
circulation of air. Drying directly under the sun 
results in loss of oil, and the material becomes lirittle, 
turning into powder which is difficult to distil. If the 
drying is too slow, the leaves remain damp and 
develop a disagreeable mouldy odour which is also 
imparted to the oil. During curing, the material is 
frequently turned over to ensure even and thorough 
drying and to prevent fermentation. The process of 
drying normally takes about three days. The cured 
leaves develop a characteristic patchouli aroma which 
is le.ss expressed in the fresh ones. After curing, the 
leaves are cleaned of the foreign matter, larger stalks, 
and mouldy material (Guenther, III, 559-60 ; 
Doraswamy, Indian Oil & Soap /., 1966-67, 32 , 211). 

The leaves require .special care w'hile packing for 
export. Even well-cured leaves, if stored loosely for 
long periods, are liable to develop the objectionable 
mouldy oclour. Compressing and packing the cured 
leaves immediately into hales ensures best storage. 
Good pre.servation is stated to improve the quality 
of oil. 

Patchouli leaves are fre(|uently adulterated with 
aromatic leaf material from P, lic\ncanus, Ocimnm 
basilicunif Ilyptis suaveolcns, Urena lohaia, and 
Microtocna hisuavis. Distilled patchouli leaves, which 
may still contain a small percentage of oil, arc also 
mixed with the fre.sh ones (Guenther, III, 560-61). 

Pa'iohouli Gii. 

Patchouli oil is extracted by steam distillation of 
drictl leaves, freed from mature stalks. The yield and 
quality of oil are influenced by .several factors, .such 
as .strain of the plant, .soil and climatic conditions, 
condition of the leaves used, and mode of di.stillation. 
Analysis of the leaves carried out in Indone.sia 
indicated that the oil content (dry wt. basis) was 
highest in the buds (5.8%). But the mature leaves 


(oil content, 5.7 ‘A ) arc said to yield a better quality 
oil ; the young leaves and fallen leaves contain 5.0 
and 4.1 per cent of oil respectively. The distillation 
of the leaves is carried out by means of direct steam 
generated in a .separate steam boiler. 'I'he steam 
pre.ssure employed may vary between 1.4 and 3.5 kg./ 
s<|.cm. (20-50 lb./s(j.in.). and is carefully regulatccl. 
In a modern distillery, it is advisable to alternate 
between high and low steam pressures. The duration 
of distillation varies between 6 and 24 hours, depend- 
ing upon the leaf material to be distilled. Prolonged 
distillation not only gives a higher yield, but also a 
better quality oil as the more valuable, odorous 
compounds of patchouli oil are present in higher 
boiling fractions. Distillation carried out for too 
long a period or at too high a steam pressure 
may, however, yield oils that contain resins of dis- 
agreeable odour (Chaco. Rrs. iV 1958, 3 , 26 ; 

Guenther, III, 563-64: I, 114; Gulati, loc. cit.; 
Doraswamy, loc. cit. : Soepadyo & Tan I long Tong, 
loc. cit.). 

The yield of oil from good leaf material is reckoned 
at about 3.5 per cent (dry matter basis). The exporters 
in Singapore ship tlie processed bales of patchouli 
leaves to Europe or America, u.sually with a guarantee 
of a minimum content of 3 per cent volatile oil. The 
yield of the oil from a crop is proportionate to the 
quality and yield of leaves. Studies carried out at the 
Indian Institute of Science. Bangalore, indicated that 
an optimum yield of 60-65 hectare 

could be obtained annually if the plants could be 
raised under most favoiiralde conditions ; the yield 
estimated by the Forest Research Laboratory, 
Bangalore, was 60 kg. from Johore strain and 142 kg. 
from Singapore strain. Corresponding yield of oil in 
the plantations under the Government Cinchona 
Department, Ootacamund, was estimated at 20-30 kg. 
per hectare (Guenther, 111 , 563, 560 : Gulati. loc. cit. ; 
Chaco, loc. cii. : Doraswamy, loc. cit. : Subba Rao & 
Nagesa Rao, 1-12). 

Patchouli oil is a viscous 1 i(|uid. yellowi.sh green to 
brown in colour, and has warm, powerful and persis- 
tent fragrance that improves with aging. The frag- 
rance resembles that of the sandalwood oil. Freshly 
distilled oil has a somewhat green and harsh aroma. 
Aging of oil for several years will develop the full, 
rich and almost fruity aroma, for which patchouli 
oil is so highly esteemed in perfumery. The physico- 
chemical characteristics of patchouli oils distilled 
at Bangalore and the Nilgiri and Anaimalai hills 
indicate that the oils obtained are of good (|uality 
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(Tabic i). In the crop grown at Kallar (Madras State), 
the leaves harvested in January gave a better (quality 
oil with a high laevo-rotation and saponification value 
after acetylation than those harvested in April or 
July (Allen, IV, 208 ; Hill, 187 ; Guenther, III, 563 ; 
Gulati, loc. cit. : Information from the Director of 
Agriculture, Madras). 

Besides subjecting to steam distillation, the leaves 
are also extracted with volatile solvents to obtain 
patchouli resinoid. Extraction with benzene gives 
4-5“5-^ per cent of a resinoid which contains 70-80 
per cent of alcohol-soluhle absolute. Patchouli 
resinoid is a syrupy or very viscous liquid, with dark 
orange brown colour when extracted with l>enzene, 
and pale orange colour when extracted with petroleum 
ether. It is free from the mustiness encountered in 
the distilled oil, and has a suj)erior fixative value. 
The use of the resinoid in soap perfumes is stated to 
he more economical (Naves & Mazuyer, 282 ; Gulati. 
loc. cit. ; Poiicher, I, 327). 

I attic is known of the constituents which give 
patchouli oil its characteristic strong odour. The oil 
is .said to contain about 97 per cent of compounds 
which have almost tio influence on its aroma ; of 
lhe.se 40-45 per cent belong to the .sesquiterpene 


group and the balance seems to consist of patchouli 
alcohol (C,r.H2r.O, m.p. 56°). The oil contains small 
amounts of bcnzaldehyde, eugenol, cinnamic 
aldehyde, an alcohol with a rose-like fragrance, a 
ketone with orris-like (xlour, another ketone, two 
ha.ses posste.ssing a strong benumbing odour, azulene, 
and a .sesquiterpene alcohol. More recently, /3-patchou- 
lene, a-guaiene, a-bulnesene, a-terpinene, cadinene. 
henzaldefiydc and patchouli alcohol were identified 
chroinatographically (Guenther, III, 573-74 ; Bates 
& Slagcl, Cliem. & huL, 1962, 1715 ; Kaiil & Nigam, 
Perfum, essent. Oil Rcc,, 1966, 57 , 91). 

Patchouli oil is evaluated by its aroma as well as 
physico-chemical properties. Gofxl quality oils are 
characterized by high specific gravity, laevo-rotation, 
refractive index and good solubility (in 90% alcohol). 
In commerce, four grades of oil are generally 
recognized : (i) Ordinary : (it) Medium ; (ni) Special ; 
and [iv) Extra-special. The ordinary and medium 
grades generally corre.spond to the Indonesian, 
Malay.sian and Singapore oils of commerce, w'hile the 
special and extra-special grades correspond more 
closely to the European oils distilled from leaves 
imported from Singapore or Indonesia (Table 2). The 
superiority of the European distilled oils over the 


TABI E 1-PHYSICO^HEMlCAI. CHARACTERISTICS OF PATCHOULI Oil. DISTILLED IN INDIA 



Indian 

Institute of .Science, 

Bangalore' 



GtJVt. Soap 
Factory, 
Bangalore' 

Govt. 
Cinchona 
Dep., Oola- 
camiind' 
(Nilgiris) 

Govt. 

Quinine 

Factory, 

Anaimalais^ 

IS! S|)eci- 
fications 
projKJsed* 


Indonesian 

.strain 

Joluire 

strain 

\ 

Singapore 

.strain 

Siiiga|M)re 

.strain 

Johorc 

strain 

johore 

strain 

•• 

Yii-lcl (on dry 
leaves), % 

1.7 2.4 

2.5- 2.6 

1.2 2.9 

2.2 

3.1 

1.5 4.5 
(av. 3.0) 


sp-sr.;:: 

0.9312 0.9.195 

0.9620 0.9792 

0.9857 0,9933 

l.(M)ll 

0.9532 
(at 31) 

0.964 0.981 

0.9548-0.9860 
(at 25 ) 

„!”• 

1.5020 1.5050 

1.5080 1.51 19 

1. 5205-1. .'i231 

1.5201 

I..S040 
(at 31) 

I..S040 

1.503-1.516 
(at 25") 


Too dark 

-.SO’ to 62** 

— 25" to 27.6" 

-22.5" 

-.S4.8" 

-.S4.r 

- 45' to —68" 

Acid val. 

1.5-.3.3 

0.4-5.7 

1.0-1. 7 

3.15 

0.76 

1.4 3.6 

5, max. 

Kster val. 

10.5 13.8 

2.1 -7.0 

6.0 6.4 

6.11 

3.8 

2.7 9.6* 

2 14* 

Ester val. after 
acetylation 

30.2 .S0.4 

10.7-24.8 

39.2-46.2 

93.8 

•• 

16.8-18.7 

10-28 

Solubility in 

90 "y alcohol 

Often cloudy 
up to 10 vul., 
.*iOiiieliincK , 

sol. in 0.5 vol. 

Sol. in 3 6 vol., 
clear to cloudy 
with more 

Sol. in 0.5 -6 
vfiL, clear to 
o|Kile.sc'cnt 
with more 

Sol. in 0.7- 
1.8 vol., iii- 
.<ioL in 1 .8- 
4.8, again 
sol. up to 

10 vol. 

Sol. in 5 vol. 
& more 

Sol. in 5 vol. 
ik more 

Sol. in 10 vol. 


'Gulati, Imlian Pvrfum.^ 196.), 7, 29; ' Doraswamyr Indian Oil & Soap /., 1966 67, 32, 211. 
♦ Saji. val. 
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TABLE 2— PHYS1CX).CHEMICAL CHARACTERISTICS OF COMMERCIAL PATCHOULI Ollii 





Indonesia* 

(Sumatra) 

Malaysia* 

(Joho're)* 

Singa|K)re' 

European distilled' 




().9.S0 1).991) 

0.969O 0.9892 

0.967 0.972 

0.9750.987 




1.5000 1.5100 


I..5090 1. 5 100 

1..S09 1.51 1 

I-I- 



•40 ‘ to - 72 

48.1 to .55.0 

49.7 to 55.7 

54.0 to 65.5' 

Acid val. 



0.5 5.0 

2.5 5.7 

c. 5.0 


Ksfer val. 



2.0 10.0 

2.5 4.1 

v6 I0.7t 

5.5 9.5 1 

Ester val. 

after acetylation 



16.8 21.5 

17.7 22.4 

Solubility 

in 

91) alcohol 

Soluble 

. ill 0.5 6.5 vol. 

Sol. in 6.5 7 vol., clear 
to cloud V uith more 

Sol. in 0.5 \oI. & 
more 

* (biciithcr, 

• Range of 

111, 570 72 ; 
valiie.s <'overs 

C^ildeiiieister A llotriiiaiin, 
4 grades of <iil.s. 

VIl, 466. 

t .Sap. val. 




TABLb' i-lMPORTS OF PATCHOULI OIL 
(Qty in kjr. and Vat. in Rs.) 




1965 64 

— _ A - — - - 


1964 65 


1965 66 


l%6 67* 

A 

1967 

68 


oiy" 

^ . ■. ^ 

Val. 

giy 

Val.’ 

Qk 

\’alL 

Qty 

Va!. 

Qty 

\^'d. 

Malay.sia 

2,812 

72,004 

2,904 

80,541 

440 

58,595 

746 

I09.I.S5 

16,059 

275,947 

Indonesia 

5,246 

74,176 

.4,814 

111,904 

152 

9,082 

2,150 

.468,160 

7,818 

612,188 

Singapore 

565 

16,545 

258 

11,514 

• • 


115 

9,125 

1..S95 

84.542 

France 

1,177 

.40,425 

1,125 

59,841 

7,H79 

,4.>8.104 

2,174 

266,175 

1,.482 

127,064 

Others 

65 

2, .467 

59 

1,641 

675 

41,170 

48 

11. .404 

1,061 

109,032 

r»)T.\i. 

7,865 

I9.S,5I5 

8,120 

245.241 

9,146 

446,749 

\1M 

765,917 

27,895 

1,206,575 


* Jiiiu* l%0 Miircl) l%7. 


Singapore oils is reported to he due to the hettcr 
inetliods of distillation and the rondilioniii^ of the 
leaves in jiressed hales during shipment. Patchouli oil 
is achilterated with redarwood oil or its higher 
fractions, and ciiheh oil. The addition of cedarwood 
fractions somewhat sweetens the patchouli note, 
aiul it is didicult to ditecl the adulteration. The 
resinoid of patchouli is often adulterated with 
oakmoss resinoid, jiatchouli oil, clove hud resinoid, 
vetiver oil residue, and cedarwood oil residue 
(Guenther. Ill, 570. 573 : Poucher. I, .^25 ; Gulati, 
loc. cit.). 

Roots and stems also contain the essential oil, 
though in smaller proportion than the leaves. I'hc 
oil olitained from the roots is of a very high s|)ccific 
gravity and of low (piality. The oil from stems is also 
of inferior grade and, therefore, only leaves arc 
generally useti for commercial distillation of patchouli 
oil. Oil from tlu* stem, distilled at Bangalore from 
Singapore strain (av. yield, 0.47%), was greenish 
brown in colour, and possessed an odour of patchouli. 
It had the following characteristics: sp. gr.*;; , 1.0097 ; 


—48'’ : , 1.5116: acid val., 29.4: ester val., 

4.<)5 : acet. val., 49.90 ; and soluble in 0.5 to 10 vol. 
of 90% alcohol (Guenther, III, 55S ; Suhha Rao & 
Nagesa Rao, 11). 

Uses — Patchouli oil is one of the most im|)ortant 
and valiiahle raw materials in perfumery industry, 
and the rec|uirement of the country is met mainly 
through im|)orts (Table 5). The oil is almost a 
perfume by itself and is one of the finest fixatives for 
heavy perfumes. There is hardly any composition of 
fancy, especially of oriental character, that docs not 
contain patchouli oil. The oil imparts strength and 
lasting (pialities to the composition, and is widely 
used in soaps, cosmetics, tol)acco and incense, ft is 
an excellent masking agent in depilatory creams. The 
oil gives one of the finest attars when blended with 
sandalwood oil. ft also blends well with clove, 
vetiver, cassia and several other essential oils used in 
soap industry. Patchouli resinoid, being economical, 
is increasingly used in soap industry (Guenther, III, 
575 »* Uoraswamy, loc. cit. : Gulati, loc. cit. ; Guy 
Lionnet, World Crops, 1962, 14 , 336). 
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Tlic oil is rq)oric(l to possess antibacterial activity 
against Ksclicricliia coli. Staphylococcus aureus, 
Streptococcus pyo^fcnes, Bacterium coli and 
B. tvphostnii. It is also effective against Myco- 
bacterium tuberculosis. The oil is toxic to Epislylis 
sp. and has irritant effect on the skin of rabbits. In 
a j)atented process, the oil has been used as an 
ingredient of an insect-repellent preparation, especially 
against moths ((Jeorge l^indalai in Essential Oils 
c" Aromatic Chemicals, Symposium, Council of 
Scientilic & Industrial Research, New Delhi, 1955, 
154 : Sirsi et al., J. Indian Inst. Sci., 1952, 34 A, 261 ; 
Chem. Abstr., 1955, 12768). 

The dried leaves are used for .scenting wardrobes, 
'riie leaves and tops are added in baths for their 
antirheumatic action. In the Philippines, an infusion 
of the fresh leaves is given in menstrual troubles. The 
juice of the leaves is applied to repel leeches (Brown, 
1946, lir, 294 : Quisumbing, S30). 

P. heyneanus Benth. syn. P. patchouli Hook. f. non 
Pelletier 

D.K.P., VI(i), v)7 in part : C.P„ 904 : FI. Br. Ind., 
IV. 633. 

Hindi — Pacholi, peholi ; Bkno. - Pachapat ; Mak. — 
Patcha, patchal>an, niali ; G14. Pachapandi ; Tam. 
— Kadirpachai ; Kas.-- Patchr tene ; MA\..-—Pachila. 

A highly aromatic herh, up t(» i m. high, widely 
distrihuted in most parts of the Deccan Peninsula, 

а. scetiding to an altitude of about i,8(x> m. leaves 

б. 5-1 1.5 cm. or more in length, ovate, crenate, toothed 
or incised, only sparingly puheriilous, membranous ; 
flowers in small distant whorls on slender paniculate 
spikes. 

The herh is prohahly a native of the Indo-Malaysian 
region. It is fre(|uenlly cultivated in India in the areas 
of its distrihution, and is occasionally grown in 
gardens for its fragrant leaves and flowers. It can be 
ea.sily propagated through cuttings. 

"^rhe dried leaves are u.sed for .scenting woollens anil 
to keep off mf)ths. Leaves and flowers are made into 
garlands and chaplets (Chopra, 1958, 581). 

'I’lie herh is considered t(» be a diuretic and 
carminative. Tn Malaya, a poultice of the leaves is 
applied to hoils, and to relieve headache. A decoction 
of the leaves is taken for cough and asthma, and that 
of the roots for dropsy. The powdered leaves are used 
as a sternutatory. A lotion j)reparcd from the roots 
is used for rheutnatism. The dried shoots arc reported 
to he used for flavouring country liipior (Chopra, 
Nayar Chopra, 198 : Burkill, 11, 1784). 



The leaves yield an es.sential oil, whii h was formerly 
produced on a small scale in Java under the name 
Java Patchouli oil or Dilem oil. Since the odour of 
the oil is inferior to that of jtaichouli oil, its produc- 
tion was ahandoned. Steam distillation of dry leaves 
from Bangalore plants gave on an average 0.19 per 
cent of a greenish hrown oil, with the following 
characteristics: sp. gr. ;■; , 0.9365: ir'*\ 1.4986; 

|a||”‘, -18°: acid val., 4.35; ester val., 6.27; acet. 
val., 92.80 : and soluble in 0.5-10 vol. of 90 per cent 
alcohol. 'Phe oil yields, obtained from the different 
parts of the plant, experimentally cultivated in 
Istanbul, were as follows (dry matter basis): leaves, 

O, 75 : stems, 0.45 : and roots, 0.3",,. The oil contained 
patchouicne, patchouli alcohol and eugenol as the 
chief components (Guenther, III. 553 ; Siihba Rao & 
Nagesa Rao, 10; Chem. Abstr., 1957, 51 , 18488). 

P. parviflorus Benth. 

D.E.P., Vr(i), ^06; FI. Br. Tnd., fV, 6p in part; 
Kirt. & Basil, PI. 755A. 

Mar, — Phangla, pangli. 

A much-branched, suffriiticose herb, up to 2 in. 
high, with usually hlack-purple, angular stems, found 
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in the Himalayas from Kumaiin to Bhutan, and in 
the hills of Assam and western ghats, ascending to 
an altitude of about 1,200 m. leaves very variable in 
shape, up to 20 cm. long ; flowers purplish, in dense 
whorls on paniculated spikes : nutlets ellipsoid, 
smooth. 

The leaves are reported to be eaten in times of 
scarcity. They possess a strong odour of black currants 
and arc slightly pungent in taste. Tliey are used as 
a stimulant and styptic. Bruised leaves arc applied 
as a cataplasm to wounds ; the juice is given in colic 
and fever. Roots are stimulant and antihaemorrhagic. 
The plant is reported to contain an alkaloid 
(pogostemonine), trimcthylamine, resin and some 
astringent matter. The leaf extracts arc reported to 
possess antibacterial activity against Escherichia coU 
and Staphylococcus aureus (Kirt. & Basil, III, 1976 ; 
Dymock, Warden & Hooper, III, 95 ; Joshi & Magar, 
/. sci. industr. Res., 1952, IIB, 261). 

The herb is frequented by bees and is an important 
source of honey, known as Pangal honey in Maha- 
rashtra. Experimental trials with this herb have 
indicated that it is suitable as a green manure for 
paddy crop. Analysis of tlie air-dry, tender loppings 
gave: moisture, 7.60 : nitrogen, 1.58 ; P2O., 0.93 ; and 
K2O, 3.43% |Chaubal & Deodikar, Indian Bee /., 1965, 
27 , I : Khadilkar, Farmer, i960, ll(ii), 6|. 

P, hen^halensis Kuntze syn, P. plectranthoides 
Desf. (Besg.— Juidata, jin, hakoha ; Tfj.. -Gondri 
poolu : Okiya Poksunga ; Gauiiwal & Kumaun — 
Lujra ; Bombay Pangla) is a strongly odorous shrub, 
up to 2 111. high, with ovate leaves and pinkish white 
flowers, found almost throughout India, ascending to 
an altitude of about 1,500 in. in the Himalayas. 
Medicinal and economic uses arc more or less 
similar to those of P. parvifloru^. Ashes of the stems 
are reported to be used as manure for paddy crop. 
'Fhe shrub is occasionally planted for fencing (Kirt. 
& Basil, 111 , 1975: Duthie, II. 242; FI. Assam, III, 

5 '«)- 

On steam distillation, the leaves yield 0.8 per cent 
of an essential oil, possessing the following charac- 
teristics: d‘"’, 0.979; n®®’, 1.5020; acid val., 9.7; 
ester val., 42.92 : and ester val. after acetylation, 50.8. 
The flower heads contain o.i per cent oil with a minty 
odour. The leaves show antifungal activity against 
Helminthosporium sativum {Chem. Ahstr., 1962, 57 , 
2353 ; Bole, Bull, reg. Res, Lab., Jammu, 1963, 1 , 117 ; 
Bhatnagar ct al,, Indian J, tned. Res., 1961, 49 , 799). 

P. pubescens Benth. syn. P. parviflorus Hook. f. (FI. 
Br. Ind.) in part is a stout herb, found in the hills of 


southern India. It is closely related to P. parviflorus, 
and is not discriminatcil from it for economic 
purposes. 

P. purpurascens Dalz. is a herb with ovatc- 
lanceolate leaves and purplish w'liite flowers, found in 
the Deccan Peninsula ; it has also been recorded 
from Manipur. Its uses are similar to those of 
P. parviflorus (Kirt. & Basil, ill. 1976). 

Poinciana — scr Delonix 

Poinsettia — sec Euphorbia 

Poke, Indian — sec Phytolacca 

Pole Cats — see Weasels 

POLEMONIUM I A n n . [Polnunn iaccac) 

A genus of perennial herbs distributed in Asia. 
Europe, western North America extending to Mexico 
and South America. One species occurs in India. 

P. caeruleum Linn. Jacob’.s Lauder 

FI. Br. Ind., IV, Coventry, Set*. I, 71, 

PI. XXXV ; Atlas med. PI. U.S.S.R.. 502, PI. 212. 

A tall, erect, perennial herb, 30 120 cm. high, 
with a creeping rootstock found in alpine western 
Himalayas from Kashmir to Kumaun, at altitudes of 
2,ioo-3,6cx> m. Leaves imparipinnate : leaflets 
lanceolate or ovate-lanceolate : flowers blue, rarely 
white, corymbose : capsules ellipsoid, overtopped by 
persistent calyx : seeds oblong-ellipsoid, smootli. 

P. caeruleum is a very varialile species : it is grown 
for its showy flowers and attractive foliage. The 
flowers are freipiented by bees for nectar and pollen. 
Many of its geographic forms arc sometimes ranked 
as species : var. himalayanum Baker (syn. 
P. himalayanum Baker) with large lilac-blue or darker 
flowers occurs in the Himalayas (Bailey, 1947. 

2729 ; Howes. 1945. 156). 

The plant is slightly hitler in taste and is considered 
sudorific and astringent. All parrs of the plant, 
particularly the roots, contain triterpene saponins ; 
yields up to 20 30 per cent of saponins have been 
obtained from roots of 1-2 year old plants. The 
haemolytic index of individual .saponins varies from 
100,000 to 2tK),(X)(). Besides saponins, the roots contain 
resin {1.3“..), organic acid and t‘ssenrial oil. The root 
can he tised as a substitute for senega root (from 
Polygala .umega Linn.). Alcoholic extracts of the roots 
possess an expectorant action .su|)erior to that of 
.senega. 'Fhey are also reported to he sedative 
(Steinmetz, II, 354 : Atlas med. PI. U.S.S.R., 504 ; 
Chem, Abslr., 1(^45, 39 , 2S47 : 1944, 38 , 41^9). 
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The seeds (protein conrenr. 23.9'*;., dry basis) yield 
e. 26 per cent of an oil having the following values : 
'*,V' » f -4709 I iod. val., 150; and sap. val., 190. The 
fatty acid composition of the oil is as follows; oleic, 
33 ; linoleic, 60 : linolcnic, 3 : and conjugated triene 
acid, 1.3% (Karle cl aL, /. Atucr. Oil Chem. Soc., 

» 959 * 3 « 4 )* 

POLIANTHES Linn. {Amaryllidavcac) 

A small genus of herbs distributed in tropical 
America. One species is introduced into India and 
grown as an ornamental plant for its fragrant 
flowers. 

P. tuberosa Linn. Ti’berosk 

D.E.P., Vr(i), 312; Bailey, 1947, III, 2731, 

3 ^ 93 - 

I IiNDi Gtdchcri, gtdshabho ; Benc;. — Rajani- 
gandha ; Tel. — Sukandarnji, nvlasampengi ; Tam. 
Ndasampangi ; K\s. Siigandharaja, nelasampingc, 
sandlunaga. 

An erect herb, 60-120 cm. high, with stout 
tuberous niotstock : leaves basal, linear, those on the 
stetn much shorter : flowers funnel-shaped, waxy 
white, fragrant, in long terminal racemes. 

P. tuherosa is believed to be a native probably of 
Mexico or tlie Atides of South America. If it is con- 
sidered a Mexican species, it is supposed to have 
originated from P, gracilis Link & Otto as the former 
is not known to grow wild. It is cultivated in gardens 
almost throughout Itidia. It makes a good pot plant 
as well, and is sometimes grown in artificial rockeries. 
It is cultivated in the Gras.se region of South France 
and in Morocco for the extraction of its flower oil. In 
India, it is cultivated on a commercial scale, in about 
200 hectares acres) round about Devanahalli 

(Bangalore dist.) and also in Tumkur and Mysore. 
There arc several interesting forms, some being dwarf. 
There are also single- and double-flowered forms. The 
single-flowered forms are more strongly scented than 
the double-flowered ones and are exploited for the 
extraction of its perfume. The double-flowered forms 
are usually preferred for growing in garden.s. There 
are several named forms of which Pearl is the best 
I Bailey. 1947. Ill, 2731 : Chittenden, III, 1621 ; 
Jindal, Indian Hnrt., 1957-5S, 2(2), 20 ; Guenther, V, 
343 ; Firminger, 328 ; Percy-Lancaster. 388 1 . 

Tuberose is propagated by offsets : it cati be raised 
from .seeds as well. It grows in sunny or semi-shady 
situations. It thrives in a well worked medium clayey 
soil, but it docs better in a loo.se, friable soil. The land 



FIG. 6^P0LrANTHES TUBEROSA— FLOWERING BRANCH 


is prepared by applying well decayed farmvard 
manure. Large-sized bulbs are planted from April to 
May onwards in rows about 22 30 cm. apart, and 
about 5 cm. deep. After the bulbs are planted, no 
particular care is needed except weeding and water- 
ing when necessary. Application of a small dose of 
nitrogenous and phosphatic fertilizers at the time of 
sprouting of the liulbs gives extra size to flowers and 
produces longer stalks. The stems should he supported 
by stakes. For pot culture, hig-sizetl bulbs are put in 
30 cm. pots, and are allowed to remain in moist soil 
till the leaves appear ; watering is done liberally 
afterwards. In about three months after planting, the 
central shoot develops bearing clusters of white 
flowers. Single flowers are plucked as they open day 
after day and sent to the market packed in ba.skets. 
The average yield of flowers (fresh) is about 
17,500 kg. per hectare. To obtain a .succession of 
flowers, the donnant bulbs should be planted at an 
interval of a few weeks. Bulbs are collected after the 
flowering is over and the leaves have decayed and 
died down ; they are used as seed-stock for the next 
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season. Usually the bulbs should be lifted every two 
or three years, rested and cured and the oifsets 
transplanted [Gopalaswamicngar, 497 ; Jindal, loc. 
cit. ; Percy-Lancaster, 388 : Desai, Indian Fmg, N,S», 
1957-58, 7 (i), 10; Firininger, 328 : Information from 
Sclent isl-in-charge. Central Indian Medicinal IMants 
Organization (CIMPO), Bangalore]. 

The plant is subject to a disease caused hy 
Sclerolium rolfsii Sacc. It manifests itself on the 
leaves at or near the soil surface. The infected spots 
lose green colour due to rotting and extend and cover 
the whole leaf ; such leaves become detached from the 
plant and fall to the ground. Infected plants become 
weak and produce few or no flowering sho(»ts in 
case of severe damage (Das, Sci. Cult., 1961, 27 , 
549 )* 

The flowers of the plant are durable although 
brittle, remain fresh for pretty long time and stand 
long distance transportation due to their waxy nature. 
They are used for garlands, hoiupiets and button- 
holes. I'he long flower spikes are excellent as cut 
flowers for table decoration when arranged in howls 
and vases. The flowers are used in Java in vegetable 
soup (Desai, loc. cil. : Jindal, loc. cit. ; Gopala* 
swamiengar, 497 : Burkill, II, 1785). 

I'he flowers of tuberose emit a most delightful 
fragrance and are the source of 'ruberose Oil used in 
high-grade perfumery. lake the jasmine, the tuberose 
flowers continue to develop their delightful perfume 
for some time after they have been harve.stcd ; the 
perfume is, therefore, best extracted by the process 
of enfleurage. Steam distillation gives an oil, poor 
in yield and (piality. For the purpose of enfleurage, 
only freshly picked flowers which are still closed are 
preferred. About 150 kg. of flow'ers are reejuired to 
produce i kg. of a brown semi-solid absolute of 
enfleurage. The extracted flowers still contain .some 
natural perfume and are treated with petroleum 
ether to obtain the absolute of chassis as a valuable 
by-pr(Khict (yield 1.2 -1.5/.',). In recent years, the 
process of enfleurage has been partly replaced by 
solvent extraction which re(|uires much less labour 
though the yield of the alxsolute is reduced consider- 
ably. Extraction of the tuberose flowers with 
petroleum ether yields 0.08-0. ii per cent of concrete 
which gives 18-23 absolute on treatment 

with alcohol and contains 3 6 per cent steam 
distillable oil (Guenther, V, 343-45 : Naves & 
Mazuyer, 246). 

Concrete of tuberose (congealing p., 49-50°) is a 
light to dark brown, waxy and rather hard mass, 


only partly soluble in high-proof alcohol. The 
.absolute is a highly viscous or semi-li(]uid browmish 
ma.ss with powerful and lasting odour, truly reminis- 
cent and characteristic of the living flowers. 'I'he 
characteristics of a sample of genuine absolute are as 
follows: congealing p., 21-22° ; .sp. gr.“‘’, 0.982 ; tr'*\ 
1.4916; acid val., 84.6; and ester val., 138.2. The 
steam volatile oil obtained from the absolute has the 
following physico-chemical properties: sp. gr.*'*', 
i.cx)7 : |ii|^ , -3.75'' ; acid val., 22.0: ester val., 224.0: 
methyl anthranilate content, 1.13',’/.. The tuberose oil 
contains geraniol and nerol (both free and as 
acetates), farnesol, benzyl alcohol, benzyl benzoate, 
methyl salicylate, methyl anthranilate, eugened and 
butyric and perhaps phenylacetic acid.s. Methyl- 
vanillin and piperonal have also been identified in 
the oil (Guenther, V, 346-47 ; Chnn. Abstr., 1(756, 
50,8971). 

The absolute obtained through volatile solvents 
is one of the most expensive natural flower products 
and is used in perfumes of only the highest grades. 
The commercial tuberose absolutes are usually the 
blends in which absolute of enfleurage predominates. 
The perfume is employed in scents of the heavier 
type, floral as well as oriental. Tuberose flower oil is 
an important base, particularly in gardenia perfumes 
(Poucher, II, 252 : (iiienther, V, 348). 

The bulbs are reported to contain an alkaloid, 
lycorin, which causes vomiting. Two steroidal 
sapogenins, namely hecogenin (m.p. 265°) and a 
small amount of tigegenin (m.p. 207°), and a poly- 
fructosan (yield 7'.',.) have l)een isolated from the 
bulbs. Presence of a transfructosidase has also been 
observed (Burkill, II, 1785: C.hvni. Ahstr., 1(755, 
5592 : 1(^39. 33 , 3837 : Srinivasati & Bhatia, Curr. .Sc/., 
1954, 23 , 1(72 : Bhatia & Srinivasan, /. .sc/. Industr. Rrs., 
1954, 13 B, 373). 

The bulbs are considered diuretic and emetic. The 
bulbs are dried, |)ow'dered and used as a remedy for 
gonorrhoea. In Konkan, the bulbs are rubbed with 
turmeric and butter and applied as a paste over red 
pimples of infants (Kirt. & Basu, IV. 2474). 

POLLIA Thunb. (( Muinudinaccac) 

FI. Br. Ind., VI, 367. 

A small genus of herbs distributed in the moist 
parts of the Old World tropics. I"ive species are 
recorded in India. 

P. sccundifhra Bakh. f. syn. P. sorzogonrnsis Kndl., 
a large herb or undershruh with a stout viscid stem 
and linear or elliptic-lanceolate leaves, 15 25 cm. x 
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5-8 cm., is (listribiitcd in the eastern Himalayas 
and in southern India ai an elevation of 800- 
(/x) m. It l)cars white or pale pink flowers and small, 
globose, bri}(lit blue, many-seeded fruits, c. 8.0 mm. 
(liam. The fruits arc said to be eaten (Burkill, II, 
' 7 « 5 )- 

Pollinia — see Eulalia, Microstegium 

Pollinidium — see Eulaliopsis 

POLYALTHIA Blume [Atinonaceae) 

A large genus of shrubs and trees distributed in the 
tropics of the Old World. About 12 species occur in 
India. 


P. cerasoides Bedd. 

D.E.P., VI(i), 313 ; FI. Br. Ind., I, 63 : King, /l/i/i. 
R. hot. Cwdn Calcutta^ 1893, 4 , 65, PI. 76B. 

Hindi Ktulumi ; Mar.^ — Hoorn, uma ; Guj. — 
Vma; Tel. Crutti ; Tam. — Nakulsi, mullili ; Kan. — 
Netitiliiiganuira, sanuahesare : Mal. — Narelai ; 
O H I VA — Polmossu. 

Sa n'I’a I . — Pa ti jo u . 

A small to moderate-sized tree, up to 15 m. in 
height and i.o m. in girth, with a clear bole up to 
7.5 m., distributed in Bihar and Ori.ssa, and in Assam 
up to 9(X) 111., and from Khatidesh to Travancore 
ill the west. Bark black to light grey, rough, thin : 
leaves oblong-lanceolate : flowers greenish white, 
fragrant ; fruits a cluster of ovoid, i-seeded carpels, 
dark-red, fleshy and sweet. 

The plant occurs on dry liills, monsoon and 
deciduous forests, and sometimes in evergreen forests, 
but is nowhere common. It is also cultivated. It 
repnxluces hy root suckers and regeneration is high 
(Troup, I, 10; Indian Woods, I, 22). 

'riie wood is light, olive-grey with a faint yellowish 
cast, lieartwood not distinct, lustrous, smooth, 
straight-grained, even- and medium fine-textured, 
hard and moderately heavy (sp. gr., 0.69 ; wt., 689^-- 
833 kg./cu.m.). If tlie wood is not carefully seasoned, 
it is liable to develop fine, long, deep cracks. (Jreeii 
conversion and slow^ sea.soning, preferably water 
seasoning, are recommended, 'flie timber is fairly 
durable under cover. It is easy to saw, planes to a 
fine smooth surface and works well on a high speed 
lathe, finishing to a bright surface. It takes good 
polish (Pearson & Brown, I, 26-27 J Oamble, 17 ; 
Limaye & Sen, Indian For. Rcc., N.S., Thnh. Mccli., 

' 953 - 75 )- 

The wood is used for house construction, planks, 
rafters, packing cases and cots and for Iwat building. 


It is suitable for turnery, joinery work, bobbins and 
l)oor lasts. It is a gocxl fuel wood ; calorific value ; 
4,929 cal., 8,873 B.t.u. (Pearson & Brown, I, 27 ; 
Trotter, 1944, 199; Krishna & Ramaswami, Indian 
For. Bull., N.S., No. 79, 1932, 21). 

The fruit is .said to be eaten (Haines, II, 13). 

P. fragrans Bedd. 

FI. Br. Ind., I, 63 ; King, Ann. R. hot. Gdn Calcutta, 
^9 72. PI. looA. 

Tam. & Mal. — Nedunar ; Kan. — Cauri, hahhe. 

A tall, buttres.sed tree, 25 m. or more in height and 
c. I m. in girth, found often gregarious in the ever- 
green tropical forests of western ghats from Konkan 
southwards up to an altitude of i.2cx) m. Bark grey, 
smooth : leaves oblong-lanceolate, flowers fragrant, 
greenish yellow : fruit a cluster of ovoid, purple 
coloured carpels. 

The wtxxl is greyish white, straight-grained, 
medium fine-textured, soft to moderately hard and 
light (sp. gr., 0.531-0.680: wt.. 448-673 kg./cu.m.). It 
is liable to crack during seasoning. Kiln seasoning of 
2.5 cm. thick planks lakes 13-16 days: in addition 
to initial steaming two intermediate and one final 
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F.R.I., Dt'hra Dun. Photo : Ramesh Rao 

MG. 68— PCI YALTHIA rKAGRANS-TRANSVRRSt SliCI ION 
or WOOD CxIO) 


sfcaming at 55''/ic)o per cenr R.fl. for 2 4 hours may 
he needed. The timber is not durable. Graveyard tests 
showed an average life of less than 2 years. \x is easy 
to work, peel and finish. Ft is said to show practically 
no corrosive effect on metals, 'fhe data for the com- 
parative suitability of ihe timber cNpressed as 
percentages of the same properties of leak are: wl., 
S5 : suitability as a post, S5 ; shock-resisting ability, 
80 : retention of shape, 60 : shear, 80 ; and hardness, 
70. Newly felled wood is subject to attack by borers 
{Platylyus spp.) |Camhle, 18: Limaye, Imluni For, 
Rew, N.S,, Timh, Mvcii,, 1954, 1 , 57, Sheet No. 16 ; 
Limaye & Sen, ibid., 1953, 1 , 75 : Rehman, Indian 
For, Bull., N,S., No. 198, 1956, 3 : Punishotham, /. 
Timh, Dryers' Pres, India, 1959. 5 , i ; 

Punishotham ct ai, Indian For., 1953, 79 , 49 ; 
Mathur & Balwant Singh, Indian For, BtdI., N.S., 
No. 171(7), 1959. 481 - 

The wood is used for light construction, furniture, 
match-boxes and splints, packing cases and mast.s. It 
is suitable for body, wings and spars of aeroplanes, 
and has been suggested as a possible alternative for 


Pinns and Abies woods for this purpose. It can also 
be used for tennis and badminton raccpiets, billiard 
cues, picture and slate frames, and for commercial 
plywood. It is a good fuel wood : calorific value: 
sapwcM)d — ^5.043-5,176 cal., 9,152 B.t.u. (I/imave, loc. 
cit. : Trotter, 1944, 190, 216, 218, 225, 227: Limaye, 
Indian For, Ree„ N,S., Vtil., 1942. 2 , 168 : Indian For., 
1952, 78 , 274. 357 : Rebinan et al., ibid., 1954, 80 , 626 : 
ibid., 1948, 74 , 279 ; Krishna & Ramaswami, Indian 
For, Bull., N,S., No. 79, 1932, 21). 

A new diterpene acid, polyalthic acid (G.,, 1 1 .^ 0 ;,, 
in.p. 102°). bas been isolated from the stem bark in 
a yield of about one per cent (Go|)inath et al„ Helv. 
ehim, acta, 1961, 44 , 1040). 

P. longifolia 'rbw. Masi* or Ckmki kky Tkkk 

O.E.P., Vr(i), 313 : FI. Br. Ind., I. 62 ; King. Ann. 
R. hot. Crdn Calcutta, 1893, 4 , 72, PI. 99. 

*lliMM Asoka, dehdari : -Dehdaru ; (ii-j. 

Asopalav ; 1 ’kl . — Nara maaniidi ; Tam. Netti- 

lingam, assothi ,* Kan'. Kambadaniara, hessare, 
uhhhui : Mm.- -Arana, ehorana : Okiy.v — Dehdaru, 
asHpal. 

Assam — Vnboi. 

A tall, bandsome, evergreen tree with a straight 
trunk, considered to be a native of the drier parts of 
(k*ylon, very commonly cultivated all over India, in 
gardens and avenues. Bark smooth, greyish brown, 
thick ; leaves glossy green, lanceolate with undulate 
margins : flowers in fascicles, yi-lhnvish green : fruit 
a cluster of small ovoid, purple, i-seeded carpels. 

There are also forms of this tree with markedly 
drooping branches, "riie tree grows w'cll in moist and 
w'arm localities. Propagation is through direct sowing 
of seeds at site or |)laiiting 2-year old seedlings raised 
in j)ots or baskets. 'I’be seeds retain their viability 
lor one season only and should be sown in August. 
It bas lx*en recommended for growing in tall hedges. 
It is reported to be subject to die-back disease caused 
by a species of Pliomopsis. A number of defoliating 
larvae and a few other insect pests have also been 
recorded |Charurvedi. Indian Fnifr, N..S., 1956-57. 
6(9). 43 : 'rroup, I, 10 : (fopalaswamiengar, 1S4, 246 ; 
Das Gupta & Kamal. Proc. Indian Sci. Conirr., 1953, 
pt nr, 79; Mathur & Balwant Singh, Indian For. 
Bull., N.S„ No. 171(7), 1959, 48]. 

• The* n.'imr Asoho is sntnrtimcs iiuliscriinin.’itrly iisrcl in 
several Indian languages for h(»tli I*, looi^ijolin and Stiuutt intlint 
Linn, but it is believed that the iianu* is correctly appliefl to 
the latter tree. Similarly, the name th-vaitaru iii one form 
or other is also used iiidiseriminatelv for PotyaUhia s|)|). as well 
as for Cvdrus dcotlorti. IIowe\er, the latter is the true Ih'vadaru. 
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FIG. 69— POLYAI.THIA LONGIFOLIA-GROWN IN GARDEN 


Tlic wood is ycllowisli or whitish, tolerably closc- 
ancl even-grained, soft, flexible and light (wt., 587- 
641 kg. /cu.m.). It is used for making barrels, drums 
and boxes, and for scaffolding and carriage shafts. 
It is reported to he suitable for packing cases, pencils 
and matches : the tall straight trunks were formerly 
used for masts (Gamble, 18 : 1 albot, I, 22 : Bourdillon, 
5 : Lewis, 6 : Kl. Assam, I, 31 : Cowen, 79). 

'I'be fruit is reported to be eaten in times of 
scarcity. The leaves are somewhat aromatic and arc 
commonly used for decoration. The hark is also used 
as a febrifuge in some parts of India and is often 
employed as substitute or adulterant of the bark of 
Saraca indiai, 'Lhey can be disiinguisbed from 
one another by macroscopical and microscopical 
characters and by the behaviour of the hark powders 
when treated with chemical reagents and by their 
fluorescent character. In experimental animals, the 
a(| neons extract of the bark stimulates the isolated 
ileum and uterus : it depresses the heart, lowers 
blood pressure and stimulates respiration | Krishna & 
Badbwar, /. .sc/, industr. Res,, 1947, 6(2), su|)pl., 17 ; 
Kirt. & Basil, I, 72 : Acbari I..al, Indian Phann,, 
19^2, 7 , 9^8 : Prasad cl al., J, sd. Indnstr. Res,, 1961, 
20c, 125].' 

P. simiarum Hook. f. & Thoms. 

I).E.P., VI(i), 314 ; FI. Br. Ind., L 63 : King, Ann, 
R, hot, Gdti Calcutta, 1893, 4 , 73, PI. loi. 


Oriya Wojarh, mongai, 

Assam -Boga-khamlou, bor-koliori ; Kiiast — 
Dicng-lar-sci, dieng-ja-roi ; LrsnAi --//rc/r^/w/ ; 
Sani ai. — Dighi hentia ; Nkpal Lahshi, kliutli, 

A tall tree, up to 30 in. in height and 2.4 m. in 
girth, with a straight, cylindrical trunk, found in the 
foot-hills of eastern Himalayas, in Assam and North 
Bengal and extending to Bihar and Orissa and the 
Andaman Islands. Bark grey, smooth, fibrous ; leaves 
elliptic or oblong-lanceolate ; flowers greenish yellow, 
in fascicles : ripe carpels fleshy, orange red to bluish 
black. 

The tree is suitable for planting in tea estates in 
the foot-hills and plains of North Bengal and Assam. 
It prefers a slightly moist, but well drained soil. 
lh*opagaiion is through direct sowing or planting one 
year old, nursery raised seedlings at a spacing of 
1.8 m., preferably in alternate lines with fast growing 
light-demanders. The tree regenerates itself naturally 
under suitable conditions. Newly felled w'ood is 
reported to be susceptible to attack by a number of 
borers |Macalpine, Tocklai exp. Sta. Memor,, No. 24, 
1952, 97 ; Mathur & Balwant Singh, Indian For. 
Bull., N.S., No. 171(7), 1959, 49]. 



F.R.I., ndira Dun. Photo : Ratnesh Ra 

Fir.. 70-POLYALTHIA SIMIARUM-TRANSVERSF. SECTION OF 
WOOD (xlO) 
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The wood is pale olive yellow, without distinct 
heartwood, straight-grained, even- and medium fine- 
textured, with a somewhat rough feel, strong, 
moderately hard and heavy (sp. gr., 0.71 ; wt., 561- 
705 kg./cu.m.). The timber may develop serious splits 
if left in the log. Green conversion and open stacking 
are recommended. It is not difficult to saw or work 
but finishes to a poor surface (Pearson & Brown, I, 
24-25 ; FI. Assam, I, 31 ; limaye & Sen, Indian For, 
Rec,, NS., Timh. Mccli,, 1953, 1 , 75 : Indian Woods, 
I, 23, appx I, 256). 

The wood is siiital)le for tool handles, sports goods, 
match-boxes and splinis, veneers, tea chests and 
electric transmission poles. Bark yields a fibre which 
is made into ropes (For, Res, India, 1941-42, pt T, 
45 ; Pearson & Brown, I, 25 ; 'IVotter, 1944, 209). 

P. suberosa Thw. 

D.E.P., VI(i), 314 : FI. Br. Ind., I, 65 : King, Ann. 
R. hot. Gdn Calcutta, 1893, 4 , 64, PI. 77B. 

Hindi — Cham^kliirni ; Benc. Hara cliali ; Tei.. - 
Chilaka dttduga ; Okiya - Karadia, hurlii chamri. 

Assam— Makliamsra-phang, hahida cha, handor 
kola ; Sastal —S andiotne. 

A large shrub or small tree, found throughout the 
greater part of fndia, extending from Assam to Uttar 
Pradesh in the north and Kerala in the south. Bark 
brownish, rugged and corky ; leaves generally ob- 
long ; flowers solitary, greenish, yellowish or reddish 
brown : ripe carpels small, sulvglobose, red or black. 

The wood is olive grey, close-grained, liard, tough, 
moderately heavy (wt., 640-720 kg./cu.m.) and 
durable. It is used for carpentry, masts and spars of 
small boats and generally for the same purposes as 
the wood of F. ccrasoidcs (Gamble, 17 ; Indian Woods, 
I, 23 : Bent hall, 8). 

The fruit is edible, A decoction of the fresh 
roots is reported to be used as abortifacient in the 
Philippines. The tree is a host for the lac insect 
[Quisumbing, 317 : Mathiir & Balwant Singh, Indian 
For. Bull., NS., No. 171(7), 1959, 49]. 

F. coffeoides 'ITiw. (Tam. — Nrdiinarai ; Mal.- 
Villa) is a moderate-si/.ed to large, spreading tree 
found in the western ghats from South Kanara 
southwards, ascending up to an altitude of 1,200 m. ; 
sometimes cultivated as an ornamental plant. The 
bark is made into ropes. The timber is straw-coloured, 
hard and heavy. It is subject to the attack of a borer 
but debarked logs are not liable to attack of the 
insect (Cameron, 4 ; Worthington, 9 ; Khan, Indian 
For, Bull., NS., No. 136, 1947). 


F. jenkensii Hook. f. & Thoms. (FI. Br. Ind.) in 
part syn. F. andamanica Kurz (Assa.m — Koltori, 
kola-khanitozv, titahachi ; Khasi -Divng-lhvr : Nepal 
— Kalikath) is a inedium-si/.cd tree fouiul in Assam 
and the Andamans. The wood is reported to be used 
for house posts, boxes and poles and is suitable for 
tea boxes (Gamble, 17 ; FI. Assam, I, 32). 

POLYCARPAEA I^kUii. (Caryopliyllaccac) 

A cosmopolitan genus of annual or perennial herbs. 
Seven species occur in India. 

P. corymbosa Lam. 

I).E.P.. VI(i). 314 ; FI. Br. Ind., T, 245 ; Kirt. & 
Basil, PI. 94. 

Guj. -Jinapanano ogh rad ; Tel. - Bonnnasari, 
rajutna ; Tam. — Nilaiscdachi ; Kas.~ FmcdeniuUu 
gida ; Oriya — San jatjatia. 

Dei.iii — Machvchi, dholphuli ; Mcndari — Otc 

chandoa ; Santai. — Janlic nanjom. 

An erect, much-branched annual or perennial herb, 
15-45 cm. high, found in sandy and rocky places, 
and in fields and waste places almost throughout 
India, ascending up to 2,i<x> tn. in the Himalayas. 
Leaves long, narrow-linear, mucron.'ite : flowers small, 
in den.se, terminal corymbs : capsides very small, 
shining, hrown. 

The plants are said to be grazed by domestic stock. 
The leaves of the plant are pounded and applied as 
poultice, warm or cold, over boils and inflammatory 
.swellings : they are given in the form of pills with 
mola.s.ses in jaundice. In Malaya, the flowering head 
along with the portion of stem and leaves is used as 
demulcent and astringent (Dal/iel, 29 *. Kirt. & Basu, 
I, 240). 

POLYCARPON I .i n n . (Caryo ph yllaccav) 

FI. Br. Ind., I, 244 : FI. Delhi, Fig. 20. 

A genus of annual or perennial herhs distributed 
in warm and temperate regions of the world. Two 
species are recorded from India. 

F. prostratinn (Forsk.) Aschers. & Schweinf. syn. 
F. indicum (Retz.) Merrill : F. locllingii Benth. & 
Hook. f. (Hindi — Surrta ; Benc;. — Ghitna) is an erect 
or diffuse, glabrous or hairy annual or perennial herb 
with linear-oblong or spathulatc leaves and small 
flowers in numerous-flowered crowded cymes found 
as weed in fields and waste places in Punjab, Mt. Abu, 
upper Gangetic plain, Nepal, Bihar, West Bengal, 
Madras, Dcccan, western ghats, Mysore and 
Gujarat. 
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In Tndo-China, an infusion of roasted leaves is 
given for cough following fever, more particularly 
measles (Caius, /. Bombay nat. Hist, Sac., i9'^6-37. 

39,565). ^ 

POLYGALA Linn. {Polygalaceae) 

A large genus of herbs, undershnibs or shrubs 
distributed in the warm temperate regions of ibe 
world. About 20 species occur in India. 

P, senega, indigenous to North America, is the 
source of the drug Senega. 

P. abyssinica R. Br. ex Fresen. 

FI. Br. Ind., I, 202 ; Mukberjee, Bull, hot. Soc. 
Beng., 1958, 12 , 41. 

A small perennial herb, 20-50 cm. high, distributed 
in the Himalayas from Kashmir to Kumaun, up to 
an altitude of 3,000 m. Rootstocks woody, 4-6 mm. 
diam. at the base, yellowish brown to earthy 
brown : leaves narrow-linear. 1-4 cm. long and 
2-3 mm. broad ; flowers pink or purple, in terminal 
racemes. 

The roots have a short and smooth fracture. They 
are acrid in taste and odourless. They arc found to 
possess frothing and haemolytic activity, indicating 
the presence of saponin. Study of the expectorant 
action of the roots, for their possible use as a substi- 
riite for senega, has been suggested. Saponin is 
absent in the leaves and stem (Shah & Pandhe, 
Indian J. Phann., i960, 22 , 66). 

P. arillata Buch.-Ham. Rw>-Kye or Yellow 

Milkwort 

FI. Br. Ind., I, 2(X) ; Mukherjee, Bull, hot. .Soc. 
Beng,, 1958, 12 , 31 ; Fyson, I, 33 ; II, PI. 21. 

Benc;. — Nepali-kanti. 

Kv\\s\-—l)ieng-solhtynka, dieng-ja-kyba : Nepal 
Marclia, karima ; I^epcha — Michepnor-kung, cleem- 
soom-creent, 

A large shrub, up to 4.0 m. high, found in 
the Himalayas from Nepal to Assam and in the 
hills of South India, at altitudes of 6(k>-2,8oo m. 
lAMves elliptic or ohlong-lanceolafc, caudate-acu- 
minate : flowers bright yellow, in drooping racemes : 
capsules fleshy, suh-orhicular. rugose when dry. 
Some taxonomists consider the North Indian 
plant as a distinct species, P. iricholopha 
Chodat. 

The roots are reported to he used as a ]>urgative and 
febrifuge, and also for headache. They are used by 
the Sherpas to ferment murwa beer (Biswas, 33 ; 
Cowan & Cowan, 16). 


P. chinensis Linn. syn. P. telephioides Willd. ; P. 
brachystachya DC., non Blume 
D.E.P., Vr(i), 315; FI. Br. Ind., I, 204 ; Kirt. & 
Basti, PI. 91B. 

Hindi — Meradu, miragu ; Beng. — Meradu ; Mar. 
—Negri, phuntani ; Guj. — Pilibhonyasna. 

San'I’al — Gaighura ; Mundari — Bir mindi tasad. 

A very variable, erect, decumbent or ascending, 
often pluricaulous annual, up to 30 cm. high, found 
throughout the plains of India, ascending up to an 
altitude of c. 1,500 m. and in the Nicobars. Rootstocks 
slender : stem angular at the top ; leaves varying 
from oblong-ovate to lanceolate ; bracts persistent ; 
flowers in axillary or extra-axillary racemes, shorter 
than the leaves, yellowish or blue to violet ; capsules 
didymoLis, oblong ; seeds oblong, black, hairy, 
winged. 

Tender leaves are often used as food, especially in 
scarcity areas ; they possess a pleasant flavour and are 
said to Ik: wholesome. An infusion of the leaves is 
prescribed for asthma, chronic bronchitis and catar- 



FIG. 7I-P0I.YC.ALA CHINENSIS 
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rhal affections. The roofs arc reported to be used for 
fever and dizziness. They are reported to possess 
antiseptic properties (Kirt. & Basu, I, 234 ; Chopra, 
■958. 599 )- 

The Chinensis Roots of the Indian pharmacopoeal 
works, mentioned as a substitute of true senega, were 
supposed to have been derived from 3- or 4-ycar old 
plants of l\ chinensis ; but, P. chinensis is an annual 
herb. The anatomical structure of the chinensis roots 
available in the market shows 3-5 rings of secondary 
growth, indicating that ihe source of these roots 
must he some perennial plants. It appears that the 
confusion arose as some authors considered P. 
glomcrata as a synonym of P. chinensis. The two 
sjx'cies are considered distinct by all Indian floras 
and the floras of Java and Siam. While P. glomerata 
is a perennial robust plant with caducous bracts, 
found from Sikkim to Assam and further cast in 
Burma and Malaysia, P. chinensis is merely an 
annual with persistent bracts, distributed in the plains 
throughout India. The roots of P. chinensis are so 
thin that their commercial ex|)loitation is not econo- 
mical, even though they are reported to contain 
considerable (juantities of saponins. P. chinensis and 
its preparations were, therefore, deleted from I.P. 
(Gupta & Bal, /. sci, industr. Res,, 1952, I IB, 116; 
Merrill, Trans, Anier. phil. Sac,, N,S,, 1935, 24 , 228 ; 
Muklierjee, Bull, hot. Sac, Beng., 1958, 12 , 41 ; 
Haines, II, 41 ; Kl. Assam, I, 98 : FI. Madras, 58 : FI. 
Java, I, 198 ; Craib, I, loi ; Adema, Blumea, 1965-66, 
14 , 253: Shah et al„ Indian J. Pharm., 19^7, 19 , 10: 
Shah & Pandhe, ibid., i960, 22 , 66 ; I.P., siippl., XV). 

P. glomerata Lour. 

FI. Br. Ind., 1 , 206 ; FI. Java, I, 198 : FI. As.sam, 
I, 98. 

A mHch-branched, under.shrub or a perennial herb, 
c, 60 cm. high, distributed in the eastern Himalayas 
from Uttar Pradesh to Assam. Rootstock woody ; 
leaves linear-lanceolate, oblong or elliptic ; flowers 
green or white, with a violet central blotch, in 
racemes which are mostly supra-axillary : fruit a 
broad capsule. 

A decoction of the .shoots is given in inflammatory 
conditions. The leaves enter into a compound given 
as a remedy in diarrhoea. An infusion of the herb is 
given in asthma and chronic bronchitis and is also 
ii.sed as a tonic. The plant contains methyl salicylate 
and a saponin (Kirt. Basu, I, 234 : Van Steenis- 
Kruseman, Bull, Org, sci. Res, Indonesia, No. 18, 
> 953 * 4* J Burkill. 11 , 1789-90). 


P. senega Linn. Sicnkoa 

D.E.P., VI(i), 316; Sievens, Finrs^ Bull, U,S, Dtp, 
Agric., No. 1999, 1948. rig. 45. 

A pluricaulous, perennial herb, 20-30 cm. high, 
indigenous to North America. Leaves mostly linear- 
lanceolate to elliptic or ovate ; flowers white, in 
terminal racemes ; fruits 2-celled capsules. 

This herb is valued for its roots, which constitute 
the Senega of commerce. It is not found in India but 
has been .suggested for cultivation in the temperate 
Himalayas and in the Nilgiris at altitudes of i ,2 ck )- 
2.100 m., which are likely to be suitable localities 
(Nayar & Chopra, 43 : Krishnamurthi, 146). 

Senega thrives in the ripen and also in partial shade. 
It grows in any ty])e of soil, containing a fair amount 
of leaf-mould. It can be propagated either by seed or 
by rootstocks. The .seedlings cannot withstand frost 
in the first year and need protection. The plants grow 
slowly and nearly 4-year old plants yield roots of 
the rerjuired size. They are cleaned and dried for 
commerce. 

The drug senega consi.sts of dried rootstocks and 
roots obtained from 3- or 4-year old plants. The root- 
stocks are yellowish orange to brownish conical 
pieces, 5-20 cm. long and 2-12 mm. in diameter. 
They are sweetish, and acrid in taste. 'Hie odour 
is charjicteristic, recalling that of methyl .salicylate. 
The powdered senega has a tendency to cause sneez- 
ing, Senega is used as an expectorant in chriinic 
bronchitis and asthma. In overdoses, the root acts as 
an irritant poi.son producing violent vomiting and 
purging (Gupta & Bal, /. sci. industr. Res., 1952. IIB, 
1 16: U.S.l)., 1955. 1225-26). 

According to earlier work, the active principles in 
the roots are tw'o saponins: senegin and polygalic 
acid, which are pre.sent to the extent of 5 10 per cent. 
'Fhe saponins arc irritant to mucous membrane of 
the stomach and also give rise to a reflex .secretion 
of mucus in the bronchioles. Later research indi- 
cated that the roots contain only one saponin, 
senegin, which on hydrolysis with hydrochloric acid 
yields two sapogenins: senegenin and polygalic acid 
(senegenic acid). Recent work has, however, estab- 
H.shed that the primary sapogenin is a compound 
designated presenegenin having the structure of 
2/3, 3/3, 27-trihydroxy-A'‘-oleancne-23, 28-dioic acid : 
senegenin and polygalic acid are both artefacts, pro- 
duced from pre.senegenin during hydrochloric acid 
treatment. The roots al.so contain o-spinasterol, free 
fatty acids, polygalitol, and a volatile oil, consisting 
largely of methyl salicylate (B.P.C., 1963, 715 ; Hoppe, 
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720 ; Dugan & cU- Mayo, Canad, /. Clicm., 1965, 43 , 
2033 ; Shimizu & Pelletier, /. Amcr, chem. Soc., 1966, 
88 , 1544). ^ ■ 

Originally it was thought that the senegas avail- 
able in the Indian markets were of two types: 
(/) foreign senega, derived from R senega, and 
(z 7 ) Indian Senega, consisting of ilic roots of P. 
cliinensis. loiter investigations, however, showed that 
during World War II and in the following years, six 
commercial varieties of senega could he distinguished 
in the Indian market : (i) foreign senega ; (ii) Now- 
shera or Pakistan senega ; (/it) Delhi senega ; 

(lu) Kulu senega; (u) Tuticorin Yellow: and 
(vi) Tuticorin Brownish Green. Pakistan senega 
constituted the hulk of the senegas of the market of 
pre-partitioned India. It consisted of 3- or 4-year old 
roots of Andracline aspera. Probably Delhi and Kulu 
senegas are also obtained from the same plant. It was 
reported that the source of Tuticorin Yellow was 
(m linns opposii if alius or some allied species (Ctipta 
& Bal, loc. cit. ; Qa/ilhash, Phartn, 1949, 163 , 
108 : Siiah & Khanna, /. sci, industr. Res,, 1959, 18 C, 
121 ; Ridgway & Rowson, /. Pliarm,, Lotid,, 1956, 
8 , 915; Shah & Aghara, Indian /. Phann., 1997, 
19 , 97 ). 

P. sibirica Linn. Common Mii.kwout 

FI. Br. Ind., I, 205 ; Miikherjee, Pull, hot, Soc, 
lieng., 1958, 12 , 43 ; Fyson, T, 35 : II, PI. 23. 

A very variable, perennial herb, up to 50 cm. in 
length, distributed throughout tlie I limalayas from 
Kashmir to As.sam, up to an altitude of 2,700 m. and 
in the western ghats from the Nilgiris southwards, 
mainly, above i,6(X) m. Rootstock thick, yellowish 
brown : leaves orbicular, elliptic-lanceolate, elliptic or 
oblong, ending in a short curved point ; Bowers 
pinki.sh mauve, purple or blue, occasionally white, in 
short, erect racemes or occasionally solitary ; fruit 
smooth, broadly- winged capsule. 

Some taxonomists consider P, japonicn lloutt., 
distributed from japan to Celebes and Timor, as 
distinct from P, sibirica, distributed from Russia to 
South China and India. However, the name Japanese 
senega appears to he attributed to the roots of both 
these species, which are not distinguished for medi- 
cinal purposes (Adema, Blutnea, 1965-66, 14 , 253 ; 
Burkill, II, 1789 ; Hocking, Quart, J, Crude Drug Res,, 
1961, 1 , 50). 

The leaves are used in spermatorrhoea. The roots 
are sweetish and somewhat acrid. A decoction of the 
roots is given as an expectorant in cold and cough 


and chronic chest diseases. It is also used for 
diarrhoea and inllammation of urinary bladder and 
externally for mammary abscesses and carbuncles 
(Hocking, loc. cit.; Burkill, II, 1789; Kirt. & Basil, 
I, 235 ; Atlas med. PI. U.S.S.R., 210). 

P, crotalarioides Buch.-liam. cx DC. (Santal*— L i 7 
kathi, gaighura ; MvsDAHi—Bir-herem da) is a small 
perennial herb or undershrub with a woody root- 
stock found in the temperate Himalayas from 
Himachal Pradesh eastwards to Sikkim and Assam, 
ascending up to an altitude of 2,300 m. It is reported 
to he used for cough and pulmonary catarrh ; it also 
possesses antiseptic properties (Dymock, Warden & 
Hooper, I, 154 ; Chopra, 1958, 599). 

P, elangata Klein ex Willd. (Mal. — Periyananka) 
is a small herb or undershnib with linear-oblong 
leaves found in the peninsular India and Bihar. A 
decoction or the powder of the leaves is reported to 
be given in biliousness and constipation (Rtuna Rao, 
26). 

P, javana DC. is a much-branched undershrub 
found in the hills of South India, up to i,5(k> m. It 
has been reported to contain a saponin and a blue 
dye. The roots yield methyl .salicylate (Chopra et ah, 
I. 182 ; Uphof, 290 : Wehmer, II, 666). 

P, longifolia Poir. syn. P, leptalea DC. is a peren- 
nial herb found almo.st throughout the Himalayas 
up to an altitude of c, 1,500 m. and in the hilly parts 
of A.ssam, central and southern India : it is also 
recorded from the Andamans and Nicohars. In Bihar 
it is used as a galactagogue (Bre.ssers, 7). 

POLYGONATUM Mill. (Liliaccae) 

A genus of perennial herbs distributed in the 
temperate regions of the northern hemi.sphere. 
Sixteen species occur in India. 

P. multiflorum All. Solomon's Skai. 

D.K.P., VI(i), 316: FI. Br. Ind., VI, 319: Kirt. & 
Basil, PI. 970B. 

A perennial herb, 60 90 cm. high, found in 
western Himalayas from Kashmir to Kumaun, at 
altitudes of i ,800-2, 7(x> m., and in Manipur. Rhizomes 
horizontal, with scars of annual stems : leaves oblong- 
ovate : Bowers white, in whorls : berry blue-black ; 
seeds few. 

This is a ivell-known garden plant in temperate 
regions and includes 3 or 4 varieties, some with double 
Bowers and others with variegated foliage. They arc 
easily propagated hy division (Chittenden, III, 1627 ; 
Bailey, 1947, III, 2739). 
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The rhizome is odourless, nuieilaginoiis, sweetish 
ami then hitter and acrid. It is reported to be eaten. 
When macerated in water, it yields a starchy sub- 
stance which is used as food. In I^hul, the powdered 
rhizome is used as soap. In Turkey, the young shoots 
furnish an excellent vegetable boiled and eaten like 
asparagus (Wren, 326 ; Hedrick, 448 ; Stewart, 234). 

The plant is considered diuretic. The rhizome 
po.ssesses astringent, deinulcent and tonic properties. 
The rhizome causes a considerahle lowering and 
shortening of alimentary hypcrglycaemia in rabbits : 
the antidiabetically active substance is probably a 
water-soluble non-fermentable sugar. A glucoside 
and chelidonic acid (C;II,0,i, m.p. 262° dccomp.) 
Jiave been reported to be present in the plant. The 
powdered rhizome is used, in Europe, as a poultice 
for bruises, piles, inllammations, tumours and dis- 
colouration of the skin resulting from blows. 
Combined with other remedies, it may be given in 
pulmonary complaints, consumption and bleeding of 
lungs (iIop|)e. 719 : Kirt. & Basil, IV. 2506-^7 : Chem, 
Ahstr,, 1930, 24 , 4857, 5377 : Karrer, 566 : Wren, 326). 

P. verticillatum All. 

O.E.R, Vl(i), 316; FI. Br. Ind., VI, 321. 

Hindi — Miilia diidut. 

Punjab ^hakakuL 

An erect glabrous herb, 60 120 cm. high, found in 
the temperate Himalayas from Kashmir to Sikkim, 
at altitudes of 1.800-3,900 m., and in Manipur. 
Leaves whorled, sessile, linear or lanceolate : (lowers 
while, pinkish while or pale green, in whorled 
racemes. 

The rhizome is eaten as food in the Kurram valley. 
Roots and rhizome amounting to about 930 kg. are 
collected annually in Kangra valley. The rhizome is 
valued as salep, a strength-giving food. The |)lant 
possesses diuretic properties. It contains a digitalis 
glucoside. "^rhe plant is considered poisonous by the 
hill people in the Himalayas (Ahluwalia, hulian 
For., 1952, 78 , 191 ; Hoppe, 719). 

F, cirrhifoliinn Royle is a herb, 60 120 cm. high, 
with whorled, sessile, linear leaves, white, green, 
purplish or j)ink flowers, and round, blue-black lierry 
found in the temperate Himalayas from Simla to 
Bhutan and Manipur at altitudes of 1,200-4,200 m. 

The leaves of the plant are eaten as vegetable. The 
plant is reported to be used as a tonic and vulnerary. 
The roots are reported to be used for washing 
purposes (Bull. hot. Surv. India, i960, 2 , 246 : Sarin. 
Indian For., 1967, 93 , 489). 


F. opposili folium Royle, another perennial herb, 
with an underground rhizome is found in the 
temperate Himalayas from Nepal eastwards to 
Sikkim and in Assam, Manipur and Khasi hills, at 
altitudes of 1,200-2,000 m. It is reported to be eaten 
as vegetable in Sikkim (Rao Rolla, Bull. hoi. Surv. 
India, 1963, 5 , 165). 

POLYGONUM I .inn. (Fol\fronac(*ac) 

A large genus of herbs, rarely shrubs, distributed 
almost all over the world, especially in tlie temperate 
zones. Nearly 85 species, including a few introduced 
ones are recorded in India. 

This genus is highly variable, compo.sed of several 
natural .specie.s-groups, the taxonomic rankings of 
which arc much in dispute. In recent years, data from 
cytology, palynology, floral anatomy and chemistry 
have been utilized to determine their relationships 
and devise a more rational classification. Some 
botanists have divided this genus into a number of 
smaller genera, but their taxonomic groupings are 
iiiiich in dispute and need a more careful study. In 
the present account, the genus has been dealt with 
in sensu lain (Steward, Conir. Cray Herb. Harv., 
No. 88, 1930. 1-119: Graham it Wood, /. Arnold 
Arbor., 1965, 46 , 106 ; Chittenden, suppl., 298 : Hara, 

^ 3 ')- 

Several Folyfronum spp. are worth growing in 
gardens. I'hey are hardy in general and grow on any 
.soil. Propagation is tli rough .seed or divisions 
(Chiiteiiden, JII, 1627). 

P. alpinum All. 

FI. Br. Ind.. V. 49 : Covi niry, Ser. II. 97. PI. XLIX. 

A .small herb or shrubby plant, up to i.tS m. high, 
distributed from Kashmir to Himachal Pradesh at 
altitudes of 2,100-3,600 m. Rootstocks perennial ; 
leaves lanceolate or linear-lanceolate : flowers white 
or |)a]e-pink, in terminal thyr.soid panicles, 30 cm. or 
more lung : nuts broadly rhomboid-ovoid. 

The herb is eaten either raw or cooked : it is said 
to ra.ste like rhiiharh. Its chemical com|)osition is 
given in Table 1. 

’^rhe plant is astringent, and is reported to he used 
in dysentery of calves and fawns. In the U.S.S.R., the 
herb is reported to he a commercial source of tannin. 
The rootstocks contain 16 22 per cent tannin, 14-18 
per cent of soluble non-tannins and five per cent 
sugars. The tannins arc the derivatives of leucoantho- 
cyanidins and gallic acid. The flavonoids found in 
the plant are hyperoside. rutin, avicularin and 
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(|ucrcctin. CaflFcic acid and ascorbic acid (in leaves, 
831.4 and in flowers, 762.6 mg./ 100 g.) have also been 
reported (Hoppe, 722 ; Howes, 1953, 284 ; Atlas med. 
PI. U.S.S.R., 132 ; Chem, Ahstr., 1962, 56 » 1567). 

P. amphibium Linn. 

FI. Br. Tnd., V, 34 ; Blatter, 11 , 141, PI. 55, Fig. 3. 

A very variable, perennial, amphibious herb, 
glabrous when acjuatic and extremely hairy on land, 
30-60 cm. high, distributed from Kashmir to 
Kiimaun, at altitudes of i,8(x>-2,i(M) m. Rootstocks 
woody, creeping ; leaves lanceolate, oblong or 
cordate ; llowers bright pink, in terminal spikes ; nuts 
ovoid, shining. 

The proximate composition of the herb is given in 
Table 1. The leaves and rootstocks arc used for 
tanning purposes ; they contain 18 and 18-22 per cent 
tannin respectively. Besides tannin, the herh contains 
a volatile oil, polygonic acid, malic acid, mucilage, 
pectin and oxymcthylanthraciuinonc (Wchmer, I. 
278: Howes, 1953, 284; Steinmetz, 1957, 881). 

The rootstocks arc used as a cooling hlood purifier, 
and are substituted for sarsaparilla. They are said 
to have astringent, tonic, diuretic, depurative and 
sudorific properties. The fresh rootstocks are used in 
homoeopathy. The fruits arc .substituted for pepper 
(Steinmetz, 1957, 881 ; Steinmetz, II, 355 56). 


P. amplexicaule D. Don 

FI. Br. Ind., V, 32 ; Blatter II, PI. 55, Fig. 4 & 5. 

UiTAR Pradesh — Kukar makri, durpa tandar. 

An erect herb, with tufted .stems, 30 -100 cm. tall, 
arising from a stout rootstock distributed in the 
temperate Himalayas from Kashmir to Sikkim, at 
altitudes of 1,800-4,800 m. Leaves ovate or cordate; 
flowers pink, deep red or white, in spikes ; nuts 
smooth, shining. 

The rootstocks of this herh are collected in the 
Himachal Pradesh and are sold as the drug mijubar 
(cf. P. bistorta). They contain about 16 per cent 
tannins and 7.8 per cent non-tannins, and are likely 
to prove useful for tanning purposes. The herb is 
abundantly found in the moist localities of Jammu 
and Ka.shmir and Punjab. It is estimated that about 
47,200 kg. of rootstock can be collected annually 
from the.se areas for tanning (Ahluwalia, Indian t'or., 
1952, 78, 188 ; Sarin & Kapoor, Bull. rv^. Res. Lab., 
Jammu, 1962-63, 1, 136). 

The herb is considered a highly palatable fodder. 
Analysis of the herb from Bugiyal pastures in Uttar 
Prade.sh gave on dry matter basis: crude protein, 
16.90; ash, 11.02; calcium, 1.38; phosphorus, 0.17; 
and magnesium, 0.90% (Joshi, Indian vet. /., 1966, 
43, 1019). 


TABLE l-<X)MPOSnTON OF SOME POLYGONUM SPP. 


Polygonum spp. 

Moisture 

yO 

Protein 

% 

Fat 

o/ 

/«» 

Fibre 

o/ 

y«» 

Ollier 

rarboh yd rates 

Mineral 

matter 

P. alpinum^ 

86.4 

1.7 

0.7 

3.9 

5.1 

2.3 

P. aniphihiunP 

85.6 

2.3 

0.4 

3.f» 

6.4 

2.3 

P. avkulare* 

81.6 

1.9 

0.3 

3.5 

10.2 

3.5 

P. barbatum*’* 


15.7 

2.1 

20.7 

.S0.4 

II. 1 

P. bistorta' 

82.6 

3.0 

0.8 

3.2 

7.9 

2.4 

P. chinensc\* 


11.5 

0.9 

33.8 

40.2 

13.6 

P. cnnvnk idus' 

86.1 

2.0 

0.5 

2.4 

6.8 

2.1 

P. dumetornm' 

83.2 

2.3 

0.4 

3.2 

8.6 

2.4 

P. hydropiper' 

86.5 

1.5 

0.2 

3.3 

6.4 

2.1 

P. lapathifolium' 

83.4 

2.2 

0.7 

2.9 

9.4 

2.4 

P. persicaria' 

85.3 

1.6 

0.3 

3.0 

6.4 

3.4 

P. plebeium*>] 

83.2 

3.2 

0.7 

2.1 

6.9 

3.9 


* Salgues, Qualit. Plant. Mat. LVg., 1961, 8 , .'t69 ; * HoopcT, Affrk. Ledffer, 1904, 72 ; 

^ Walaiidouw, /. sci. Res. Indonesia, 1952, 1 , 210; * Nutritive Value of Indian Foods, 54, 90. 

* Values arc given on dry matter basis, 
f Analysis of leaves only. 
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*P. aviculare Linn. 

^ l).E.P., VI(i). 317 ; III, 430; FI. Br. Ind., V, 26 : 
Gage, Rcc, bot. Surv, India, 1903, 2 j 370 ; Butcher, I, 
891, Fig. 

Hindi — Machoii, han-nalia, hannalia, hunraj ; 
Beng. — Machutie, 

Punjab — Kesru, handuke ; Kashmir — Drop, 

A highly variable annual herb, with prostrate 
stems and branches, up to 60 cm. high, distributed 
from Kashmir to Kumaiin, at altitudes of 1,800- 
3,6(X) m. Roots fibrous, very tough, .sometimes wocnly ; 
leaves elliptic or lanceolate ; flowers small, green, 
tipped with red or white, in axillary clusters ; nuts 
ovoid, minutely wrinkled. 

The herb is eaten as a vegetable. Composition of 
the herb is given in Table i. It is also used as fodder 
for cattle and sheep. Sheep and goats are said to 
fatten when fed on this plant. In New South Wales, 
however, ca.ses of dermatitis and gastric di.sturbances 
have been reported amongst sheep and horses. It is 
reported that the milk from the animals fed on the 
herb tastes bitter. The herb contains vitamin E, 267 
p.p.m. (dry wt. basis) (Webb, BtdL Coun, sd, industr. 
Res, Anst„ No. 232, 1948, 129 ; Nayar, ], Beng. nat. 
Hist. Hoc., 1963-64, 32 , 18; Chem, Ahstr,, 1954, 48 , 
3434 )- 

The herb is known as Hunters* Tea or Homerian 
Tea. It is said to possess astringent, tonic, antipyretic, 
antiseptic, diuretic, haemostatic and vermifuge 
properties. It is used in the treatment of diabetes, 
rheumatism, fever, and external and internal ulcers. 
A decoction of the herb is given in dysentery, 
diarrhoea, bronchitis and bleeding piles, and to check 
profuse menses. Intravenous injections of an aqueous 
or alcoholic extract of leaves lowered blood pressure 
in cats, rabbits and dogs. The extract may prove 
useful as a haemostatic agent. 'I'he seeds are aromatic 
and are powerfully emetic and cathartic (Wchmer, 
I, 278 : Kirt. & Basu, III, 2096 ; Watt & Breyer- 
Brandwijk, 859: Hoppe, 721: Roi, 113; Dymock, 
Warden & Hooper, 111 , 149 ; Quisumbing, 257 ; 
Client. Ahstr., 1943, 37 , 6406 : 1946, 40 , 5844 ; Uphof, 
290 ; Steinmetz, TI, 356 : Crevost & Petelot, Bull, 
ccon. hidocli., 1934. 37 , 736 : Jacobs & Burlagc, 165 ; 
Tehon, 90). 

The herb has been reported to contain tannins 
(3*5“4'^%)» tnucilage, sugars, gallic, caffeic, oxalic, 
silicic, chlorogenic and /)-coumaric acids, d-catechol, 

•This species is considered polymorphic, including perhaps 
variants resulting from seasonal ' and environmental factors 
(Styles, Watsonia, 1%2, 5, 177). 


Icucoanthocyanins, oxymethylanthra(|uinonc (roots 
twigs 0.20 and leaf o,i^%), quercitrin, avicularin 
and several other flavonoids and polyphenols, which 
include derivatives of quercetin, kacmpfcrol, c.sculctin 
and scopoletin. The flavonoid content of the drug is 
highest at the start of flowering. The herb contains 

O. 22 per cent of therapeutically active. water-.soluble 
silicic acid, the concentration of which remains almost 
constant throughout the growing season : the total 
silicic acid, however, varies, the maximum content 
(1.1%) being at the time of fruit ripening. The herb 
yields a blue dye similar to indigo (Hoppe, 721 ; 
Watt & Breyer-Brandwijk. 859-60: U.S.l)., 1955, 
1605 : C/icni. Ahstr., 1962. 57 , 4757 ; 1964. 61 , 7362 ; 
1965, 63 , 18945). 

Tbe berb is reported to have been succe.ssfiilly used 
in France as a substitute for mulberry for feeding 
silkworms. 

P. barbatum Linn. syn. P. stagninum Buch.-IIam. ex 
Meissn. 

D.E.P., VI(i), 317 ; FI. Br. Ind., V, 37. 

Benc:. — Bekh’Unjuhaz ; Mar.- -Dliaktaslieral ; 'Ikl. 



FIG. 72 — POLYGONUM BARBATUM— FLOWERING BRANCH 
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Niru ganncru ; 'Fam. — Atlari ; Kax. —Konde malle ; 
Mai.. — Vcliitta niudcUi mukku, 

Punjab NtStrri ; Munpari — Garaara, naiara ; 

I A'sHAi — A n hon^, 

A stout, annual herb, with erect stem, t*. 90 cm. 
high, (listrihuied throughoul llic hotter parts of 
India, particularly in wet places, ascending up to an 
altitude of c. 1,080 m., and also in the Laccadives 
and the North and South Andamans. T..eaves 
lanceolate or linear-lanceolate ; flowers white or 
purplish, in small spikes ; nuts shining. 

'Phis species includes two varieties, var. stagninum 
Steward and var. gracilc Steward. The plant is used 
in curries in parts of West Bengal. The plants grow- 
ing in dry areas are hitter in taste, while those in wet 
places arc less so. The herb is relished by cattle and 
goats. Its composition is given in Table i (Steward, 
Contr, Gray Herb. Harv,, No. 88, 1930, 54-55 ; 
Hooper, Agric. Ledger y 1904, 69: Williamson, 99: 
FI. Delhi, 306). 

The roots are considered astringent and cooling 
and are reported to he an article of trade in North 
India. A decoction of the shoots is said to be used as 
a stimidating wash for ulcers : the juice acts as a 
cicatrizant. Powdered leaves are applied to fly-infected 
wounds of goats. The seeds possess tonic, purgative 
and emetic properties and arc used in colic (Burkill, 
II, 1791 ; Uphof, 290; Crevost & Petelot, Btdh econ. 
hidoch.y 1934, 37 , 733 : Kirt. & Basil, III, 2100). 

A blue dye .similar to indigo is said to he obtained 
from this herb. 

P. bistorta Linn. syn. P, paleaceum Wall, ex Hook. f. 
Bls rORT, SNAKK-ROOr 

M. Br. Ind., V, 32 : Gage, Rec. hoi. Surv. Jtiduiy 
1903, 2, 390 ; Butcher, I, 895, Fig. 

A perennial herb, up to 60 cm. high, with a thick, 
twisted rootstock, distributed in the Himalayas from 
Kashmir to Sikkim and in the hills of Assam at 
altitudes of 2,7oo-4,5cx> m. Leaves radical and cauline 
with winged petioles ; radical leaves ovate-lanccolatc, 
cauline smaller and narrower : flowers white or pink, 
in spikes. 

The herb is used in stews and soups, ft is recom- 
mended for use in silage. The rootstocks arc reported 
to be eaten. Table i gives the chemical composition 
of the herb (Uphof, 290: Hedrick, 449; Chem, 
Ahstr.y 1956, 50 , 5101). 

This herb is wide.spread in its distribution and its 
curled rhizome has been ii.sed under the name snake- 
root in medicine. It is the anjubar of the western 


Arabs, 'fhe rootstocks arc somewhat flattened, hard 
with annual thickenings and traces of rootlets. Licpiid 
extract of the rootstocks and their decoction are used 
as astringent in diarrhoea, profuse menses, colitis and 
gingivitis. They possess febrifugal, diuretic, expecto- 
rant, haemostatic, and antiseptic properties. The 
preparations of this herb arc substituted for Peruvian 
Rhatany (Kranu'ria triandra) (Dymock, Warden & 
Hooper, fll, 150: Medicinal Crude Drugs & Allied 
Raw Products, 137 ; Steinmetz, I, 83 : Chem. Ahstr., 
1944, 38 , 5366 : Roi, 352 : Steinmetz, 1957, 883 ; 
Crevost & Petelot, Bull. eeon. hidoch., 1934, 37 , 734). 

The astringent properties of the rootstock are due 
to the presence of tannin compounds (15-22%, up to 
36%)- The tannin content undergoes variation during 
the vegetative period of the plant, the maximum 
being at the time of fruit bearing. The tannin is of 
mixed type : catechol, phloroglucinol, gallic acid and 
phlobaphene have been identified. 'Fhe best solvent 
for tannin compounds is 30 per cent alcohol. Methyl- 
anthraqtiinone, calcium oxalate (1.1%), starch (30%), 
albumin (lO/o) and traces of emodin are also reported 
in the rootstock. Tannin is also present in the leaves to 
the extent of 5-10 per cent. 'Fhe herb contains calfeic. 
chlorogenic and protocatechuic acids, and flavonoid 
glycosides. It is rich in ascorbic acid : flowers contain 
746.6, leaves 722.3 and rootstocks 132.2 mg./ 100 g. 
(U.S.D., 1955, 1605 : Hoppe, 723 : Chem. Ahstr.y 1961, 
55 , 1776: 1930, 24 , 5332; 1951, 45 , 6863; 

693 : Atlas med. PI. U.S.S.R., 132). 

P. chinense Linn. 

D.K.P., Iff, 430 : FI. Br. Ind., V, 44 ; Gage, Rec. hot. 
Surv. India, 1903, 2 , 408 : Fy.son, If, PI. 429.* 

Mar. — Paral ; Kax. — Bilichini ganigalu. 

Garhwal — Ameta ; Assam Kelnap, kuki ; 

Lakhimrur- -A/flrf/it/ri tenga, phiahapa ; Nepai. — 
Kakur thotne. 

A large, rambling or erect herb or undershrub, up 
to 1.8 m. high, distributed all over India, ascending 
up to an altitude of c. 3,ifxj in. in the Himalayas. 
Leaves very variable, oblong-lanceolate to elliptic ; 
flowers white or pink or purplish red, in cymose or 
corymlw.se inflorescence : nuts dull black. 

This .species is widely distributed in the .sub -tropical 
and warm temperate regions of Asia and is highly 
polymorphic. An extremely wide range of forms is 
included under this species ; some of them have been 
described as sjiecies or varieties. In the western ghats, 
it provides a good nectar and pollen source for honey- 
bees during the flowering period (Steward, Conlr. 


196 



POLYGONUM 



MG. 7^-POlTGONUM ClIINl-NSE-FLOWF.RING PLANT 


L*/v/v 1 /i‘rh. Uarv., No. SS, 73 * (liaiil)al 

Dcodikiir, Indian Brr J., i(/>5, 27 , i 
The licrl) is sweet. Fn Lakliinipur, the plant is used 
ill ihe preparation of curries. Ii is relished by caiile 
and can furnish a j^jood fodder. Table i gives the 
chemical eom|)o.sirKin of ihe herb. It is reported to 
possess tonic, antiscorbutic and vulnerary properties 
(Caevost ^ Fctclor, Bull. rcon. Indocli., 1934, 37 , 734 : 
Carter Ik Carter, Rrc. hot. Surv. India, 1921, 6, 370: 
Kirr. <1^ Basu. III. 2103). 

P. convolvulus Linn. Cia.Miu.vt; Br(:Kwin-:.vr 

Kl. Br. liid., V, 53 ; Cage, Rcc. hot. Surv. India, 
1903, 2 , 417 ; Butcher, I, 903, Fig. 

A prostrate or twining herb, up to 3.60 m. in 
height, distributed from Kashmir to Himachal 
Pradesh and in Sikkim and the eastern Himalayas. 
Leaves sagittate-cordate: flowers green with while 
margins, in axillary clusters and terminal cymes : 
nuts black, finely furrowed. 

The herb is a common weed in cultivated areas in 
many countries. It is considered a good forage in 
Iran. Chemical composition of the herb is given in 


Table i. The seeds are reported to be used similarly 
as those of Fa^op\rum csculcnluni. They are, how- 
ever, reported to cause enteritis in animals, due prob- 
ably to mechanical irritation. 'I’he seeds contain: 
moisture. 12.2 : protein. 9.1 : fat. 2.2 : carbohydraie.s, 
65.7 : fibre. S.5 : and mineral matter. 2.0",, (Parsa. 
Qualit. Plant. Mat. Teg., i960. 7 , 9S : Jacobs & 
Burlage, 165 : Webb. Bull. Coun. .sc/, industr. Res. 
A list., No. 232. 194S. 130 : Winton & Winton. I. 318). 

Rutin, rheum-emodin. an anthra(|uinone glyco- 
side. myricyl alcohol and calcium bitartraie have 
been reported in the plant, riu* rootstocks contain 
oxyinerhylanrhra(|uinone (Wehmer. I. 279). 

P. glabrum Willd. 

D.K.P.. VI(i). 318: FI. Br. Ind.. V, 34 in pan; 
Gage, Rcc. hot. Surv. India, 1903, 2 , 393. 

Bknc;. Bihagni : "^Y.wy. - Ac talarcc : K.\s. — Nirii 

kanigalu, takta roliita, niru sanne solyfni ; Mal. 
Chuvanna mudcia mukku. 

AssxWi —iuarhorna, hililangani, luttharua ; Lakiiim- 
t»UR Pathurua hhclagni : Li’siiAt - (7/^//^///7i/ ; 

Santai. Sauri arak, jioti. 

A stout, erect, annual herb up to 1.5 m. high, dis- 
rribiited throughout India, particularly in marshy 
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places, ascending up to an alrirudc of c. 1,900 in. : it 
occurs gregariously in channel and tank-beds, rooting 
at nodes. ROotstocks woody ; leaves lanceolate or 
lincar-lanccolatc ; flowers pink or white, in paniculate 
racemes ; nuts brownish black, orbicular-ovoid, 
polished. 

The young shoots and roots arc cooked with 
vegetables ; they arc pungent, and arc used in small 
c|uantities. The fruits arc parched and made into a 
kind of sattu. The juice of the herb along with other 
ingredients is given for pneumonia. An infusion of 
the leaves is given for colic and also prescribed as a 
febrifuge. The rootstocks are reported to he used for 
piles, jaundice, debility and consumption. The herb 
possesses antibacterial activity against Micrococcus 
pyogc 7 ws var. aureus. Bacillus suhtilis, Diplococcus 
pueuwouiac and Streptococcus pyagc 7 ies (Hooper, 
Agric. Ledger, 1904, 69 : Carter & Carter, Rec, hoi. 
Surv. India, 1921, d, 370 : Rama Rao, 335 : Bhatnagar 
et ai, InduiH J. tned. Res., 1961, 49 , 799). 

P. hydropiper I^inn. syn. P. flacciduni Meissn. 

Water Peim>er, Pepper-Wori' 

D.E.P., VI(i), 318 : FI. Br. Ind„ V, 39 in part : 
Steward, Contr. Gray Herb, Harv,, No. 88, 1930, 
58-62 ; Butcher, I, 9(K), Fig. 

bv.SG. -Packur mul, pauhmaricha. 

A glabrous, often glandular, reddish, annual or 
perennial herb, up to 80 cm. high, distributed 
throughout India in wet places, ascending up to an 
altitude of 2,i(x> m. in the Himalayas. I.eavcs linear- 
lanceolate or oblong-lanceolate with resinous cavities ; 
flowers pink or red, in slender racemes ; nuts granu- 
late, finely dotted. 

The herb has an acrid-peppery taste, and is used as 
a flavouring. A Japanese variety, var. laetivirens 
Makino, is reported to be cultivated for its acrid 
leaves which are used as condiment. A type of leaven 
is prepared in China from the herb admixed with 
rice (lour. Chemical composition of the herb is given 
in Table i (Burkill, II, 1792 ; Clietn. Abstr., 1949, 
7085). 

When the herb is eaten by animals, inflammation 
of the digestive tract occurs resulting in haema- 
turia. Contact with the herb is reported to cause 
dermatitis in both man and livestock (Burkill, II, 
1792 ; Connor, Bull. Dep, set. industr. Res,, N.Z., 
No. 99, 1951, 31). 

The herb possesses stimulant, diuretic, .styptic, 
emmenagogue and lithontriptic properties ; the 
activity of the root is, however, said to be lo.st on 


drying. Liquid extract of the plant is reported to be 
u.sed as an oral contraceptive. An infusion of the herb 
is used in uterine di.sorders and as a haemostatic. In 
Russia, the extract is employed as a sedative. The 
bruised leaves and seeds are used as vesicants and are 
substituted for mustard poultice. The leaves are 
chewed to relieve toothache. The roots are hitter, and 
are said to posse.ss .stimulant, diuretic, carminative, 
tonic and anthelmintic properties. Their juice is used 
as a wash for skin affections. The ether and acid 
extracts ol the herb show antibacterial activiiy 
(Hocking, 178 ; Burkill, II, 1792 : Medicinal Crude 
Drugs & Allied Raw Products, 91 : de Las/lo & 
Hen.shaw, Science, 1954, 119 , 626; Jacobs & Burlage, 
166; Steinmetz, If, 357 : Quisumbing, 258 : Badhwar 
et al., Indian J, agric, Sci,, 1945, 15 , 167 ; Kirt. & Basil, 
III, 2101 : Nickell, Ecou. Bot., 1959, 13 , 302). 

The dried powder of the herb is spread on clothes 
to guard against moths. It is reported to be used as a 
fish-poison. The greenish mucilaginous juice of the 
plant kills mos(|uito larvae, but is not lethal on 
dilution (Chopra et ai, J, Bombay nat. Hist. Soc., 
1940 41, 42 , 889). 

'I'he herb dyes wool yellow. It contains .several 
flavone compounds (2.o-2.5*‘(,), viz. cpiercetin, tjnerci- 
trin, kaempferol, rutin, hyperoside ((|iiercetin-3-gal- 
actosidc), rhamnacin, pota.ssium hisulphate monoester 
of rhamnacin, jiersicarin (3-potassium hisulphate ester 
of fsorhamnetin), and persicarin 7-methyl ether 
(m.p. 212 13"). An acrid es.seniial oil (0.07-0.13'*,,), 
causing fall in blood pressure and diminishing the 
tension of non-striated muscles of intestines and 
uterus, was isolated. Recent work has shown the 
presence of a new dialdehyde ses(|uiterpene, tadeonal 
(polygodial), and its stereoi.soiners. /.sotadeonal and 
confertifolin : tadeonal has tlie sharp, pungent taste 
of the plant and is a skin irritant. Occurrence of 
tannins, vitamin K, a gluco.side polygopiperin, an in- 
active alkaloid, and formic, acetic, valeric, malic and 
melissic acids has also been reported in the herb. A 
deep red pigment, idacin, has been identilied in the 
seedlings. Tlie roots contain three per cent tannins 
and oxymethylanthraquinone \(^liem. Ahstr,, 1955, 
49, 570: 1957, 51 , 5918 ; 1964, € 0 , 13277 ; 1934. ^ 
1776 ; GcLssman & Hinreiner, Bot. Rev., 1952, 18 , 125 ; 
Atlas med. PI. U.S.S.R., 134 ; Matcriae Rudes Planta- 
rum, II, 456 ; Barnes & I.rf)der, Aust. J. Cliem., 1962. 
15 , 322 ; Hoppe, 722 ; Wehmer, I, 279 ; Japan Sci. 
Rev., Biol. Sci., No. ii, i960, 178; Edwards el ai, 
Indian For, Rec,, NS., Chetn. & Mitior For, Prod,, 
1952, 1(2), 154]. 
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P. lapathifolium Linn. 

1 ^ 1 . Br. Ind., V, 35 ; Butcher, I, 898, Fig. 

A very variable annual, up to 2.5 m. in height, met 
witli from Kashmir to Assam, Orissa and in the 
Konkan region, ascending up to 2,i(X) m. Leaves very 
variable, elliptic-ovate or lanceolate, glabrous or 
densely tomeniose beneath ; flowers greenish white, 
in dense spikes : nuts black, glossy. 

Several sub-species, varieties and hybrids of this 
species have been reported. Though all arc not 
universally accepted, there exists a great genetic 
diversity combined with |)lasticity (Simmonds, /. 
EcoLf 1945-46, 33 , 132). 

The chemical composition of the herb is given in 
Table i. In Australia, the herb is su.specied to cause 
derinaiitis and death in cattle. Alcoholic and a(|ueoiis 
extracts of the ])lant have shown antibacterial acti- 
vity. It is reported to have been used in cases of 
cancer. The lierh contains tannins and the rootstock 
oxymcthylanthra(|uinone (Webb, Bull. Coun. sci, 
industr. Res. Aust., No. 232, 1948, 130 ; Nickell, Ecou. 
Bot., 1959, 13 , 302 : Excerpta hot.. 1968, 13 A, 188 : 
Wehmer, T, 279). 

P. minus I luds. 

FI. Br. Ind., V, 36 ; Butcher, I, 902, Fig. 

A slender, erect, glabrous herb, distributed in the 
hotter parts of India ascending up to c. 2,000 m. in 
the Himalayas. leaves linear or oblong-lanceolate; 
flowers minute, pink, in racemes : nuts black, shining. 

The leaves are reported to he eaten in curries. The 
plant contains 2.8 per cent proteins. In Queensland, 
the herb is suspected of poisoning, causing inflam- 
mation of the bladder and gastric tract in calves. A 
decoction of the leaves is taken for indigestion, and 
after childbirth. An infusion of the herb is used as 
fish-poison (Biirkill, 11 . 1792 : Terra, Commun. R. 
trap. lust.. Auist.. No. 54e, 1966, 68 ; Webb, Bull. 
Coun. sci. industr. Res. Ausl., No. 232, 1948, 130). 

P. molle D. Don syn. P. paniculutinn Bluine : P. rude 
Meissn. ; P. frondosum Meissn. 

D.K.R, VI(i), 319 ; FI. Br. Ind., V, 49-50 ; Kirt. & 
Basil, PI. 810. 

Assam Kochonudi ; Nkpai. — Tiioinc. tuknu, 

patusuu ; Lkpciia — Kandyco-pam. 

A robust, shrubby perennial, distributed in the 
central and eastern Himalayas and in the Mi.shmi 
hills, at altitudes of 1,200-2,800 ra. ; it has run wild 
in the Nilgiris. Leaves elliptic-lanceolate, toinentose 
or villose beneath : flowers white, in thyrsoid, tomcn- 
tosc panicles ; nuts usually in baccate perianth. 


The young shoots are pleasantly acidic and eaten 
like rhubarb. They arc stated to be useil in the pre- 
paration of a jelly. The herb pos.sesses astringent 
properties and is prescribed in diarrhoea [Kirt. & 
Basil, III, 2102 ; Srinivasan. Rcc. hot. Surv. India. 
1959. 17(2), 30 : Banerji. /. Bombay nat. Hist. Soc., 
' 955 - 5 <>. 153]. 

P. multiflorum Thiinh. 

Steward, Contr. Gray Iferh. Harv., No. 88, 1930, 

96- 

A small, perennial, creeping herb, 30 cm. high, 
native of China and Japan, cultivated in the Indian 
gardens. Rootstocks tuberous : leaves ovate-cordate : 
flowers greenish white or pink. 

The rootstocks are eaten as food. They are reported 
to jiossess tonic and antiscorbutic properties and 
are used as a black hair-dye. The extract of the 
rhizome is useful in hyperglycaemia. A |)reparation 
of the rootstock is reported to he given to women 
after childbirth (Hedrick, 449 : Burkill, II, 1792-93: 
Crevost & Petelot, Bull. iron. Indocli.. 193^, 37 , 735 ; 
Steward, 98 : Hoppe, 722). 

The rootstock contains several kinds of chryso- 
phanic acid, emodin, emodin monomethyl ether and 
chrysophanic acid anthrone in free or combined 
form. Rhein and rhapontin are sometimes present. 
A condensation product for scaling cable junctions 
can be made out of the licpiid from the nuts of 
the plant (Chetn. Ahstr.. 1954, 48 , 7710; 1958. 52 , 
12458). 

P. nepalense Meissn. .syn. P. alatum Buch.-Ham. ex 
Spreng. ; P. punctatum auct , non Kll. 

D.E.P., VI(i), V7 ; FI. Br. Ind., V, 41 : Peradeniya 
Manual, No. 7, PI. XLIIf. 

Ta.m. — Kangany-maclian-pillu. 

Punjab- .SV// hahni. 

A very variable, miich-hranched, erect or procum- 
Umt, .succulent, annual herb, dLstrihuted in the hills 
throughout India, at altitudes of 1,200-3.300 m. 
Leaves ovate or deltoid-ovate : flowers white or pink, 
in pedunculate heads : nuts enclosed in perianth at 
maturity. 

The leaves are employed as a local application for 
swellings. In Ceylon, the herb is grown to provide 
cover in the tea plantations : it dies under heavy 
shade or drought, Init rapidly regenerates from seeds 
in the pruned fields. The herb can he eradicated by 
the use of phenoxy-acetic, O-cresoxy-acetic, and 
giiaiacoxy acetic acids, and 2:4-!) (Datta & Banerjec, 
Sci, & Cult., 1954-55, 20, 191). 
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P. orientale Linn. Princks Fkathfr 

FI. Hr. [nd., V, 30 : Gap;c, Rcc. hot. Surv. India, 
i(;o3, 2 , 386 : Bailey, 1947, 

Bknc;. — Bara pani miric/i. 

A tall, liairy, innch-hranchcd, annual herb or 
undershriih. 1-3 m. tall, found in wet places from 
Kashmir to Assam, and in Madras, ascending up to 
an altitude of c. 2.(xx) m. Leaves large, broad-ovate : 
flowers white, hrighl pink or rose, in long, dense 
spikes : nuts flattened, black, shining, orbicular. 

'Fhe plant is often cultivated and some horticultural 
forms exist. It is easy to gn)w, and in some places 
it runs wild. 


(Burkill, If-, 1790; Kirt. & Basil, IIT, 2103; Webb, 
BtdL Conn, sci industr. Res. Anst., No. 232, 1948, 130 ; 
Quisumbing, 258). 

The leaves yield two flavone glucosides, orientoside 
(m.p. 259°) and orientin (m.p. 255 57®), which on 
hydrolysis gave the aglycones apigenin and luteolin, 
respectively. The presence of alkaloidal material has 
also been reported. The nxirslocks contain oxymethyl- 
anthratpiinone (( 7 /cm. Ahstr., 1958, 52 , 17251 ; Webb, 
Bull. sci. iudustr. Res. Org. Ausl., No. 268, 1952, 69 ; 
Wehmer, T, 280). 

'I'he stem of the plant contains tannic acid, 
phenolic compounds, and sapotiins. Extracts of the 
drieil stem stimulated respiration and produced a 
temporary rise in blood pressure in anaesthcti/cd 
dogs. I'hey also exert an oxytocic activity on rabbits 
{Biol. Ahstr., i(/y 2 . 37 , 268). 

P. perfoliatum Linn. 

FI. Br. Tnd., V. 46. 

K i IASI — A fa-sei n i li U. 

A prickly climber or rambling shrub, with stem 
several nierres long, distributeil in the central and 
eastern Himalayas from Kuinann to Assam and in 
tlie Kliasi and C'achar hills, ascending up to an 
altitude of 2,200 m. Basal portion perennial : leaves 
peltate, deltoid : flowers while or pink, in short, 
terminal and axillary racemes : nut black, globose, 
enclosed in fleshy perianth. 

The herb has a pleasant acid taste and is probably 
wholesome : it is re|>orii‘d to he lalen in Assam. It 
possesses emollient pro|)eriies and is used as a 
cataplasm on tumours. It is reporie«l to he iisi-d in 
.softening ivory and hone for easy carving and also 
to impart different colours (C'arler C'arii r, Rtr. hot. 
Surv. India, 1921, 6, 370: C’revost Peteloi. Bull, 
ccon. Indocli., 193^. 37 , 735). 

The dried seeds yield 3.3 per cent of a fatty oil, 
having the following characteristics: dj['* , 0.9250: 
//■^" , 1.4737 J val., 2.9 ; sap. val., 184.6 : iod. val., 
105.9: and unsapon. matter, 4.9''... The fatly acid 
composition is as follows: saturated, 22.1 ; oleic, 
38.0: linoleic, 35.7; and linolenic. 4.2“., {Cheni. 
Ahslr., 1957. 51 , 1597 1 ). 


Tlic emls of the branches on moistening become P. persicaria Linn. Toady's Thumb, Smarc Wkkd 
thickly glutinous. In Japan and Indo-China, the plant FI. Br. Ind., V, 35 : Butcher, T, 897, Fig. 
is eaten as pot-herb. Shoots are reported to have a An erect or ascending, annual herb, up to 60 cm. 
sour taste. The herb is used as a tonic and vulnerary, high, sometimes rooting at the nodes, found in 
A concentrated infu.sion of it is reported to be Jammu and Ka.shmir, between altitudes of 2,7(X) 
poi.sonoiis to fish. The nuts are prescribed for the and 4,2(K) m. Leaves very variable, elliptic-oblong 
treatment of tubercular swellings and flatulence or lanceolate or linear-lanceolate, dotted below ; 
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flowtTs pink or purple, rarely whitish, 

in dense spikes : mil blackish brown, trigonous, 
compressed. 

An (.-xtremely variable species, distributed in 
Kurasia, of whicli many varieties have genetic basis, 
bur none ap|)ears to he distinct. The variability is 
probably similar to that of P. hipalliifoUtmi 
(Siminonds, /. Ecol., 1945-46, 33 , i2t). 

This herb is said to be a good nectar plant in some 
countries and the yield of nectar is reported to be 
heavy in wet soils. Fhe honey Irom it is described 
as spicy, and very dark, granulating rapidly (Howes, 
1945, 17S : Pellett, lU'on. But., 1948, 2 , 187). 

i’he herb is considered to possess astringent, 
laxative, styptic, antiseptic, vulnerary and lithontriptic 
properties and is used as a heart stimulant. Ii is also 
reported to be useful in colds, fever and asthma. An 
infusion is useful as a gargle against inflammation of 
pharynx (Kirt. & Basil, Tfl, 2099 : Jacobs & Burlagc, 
166 ; Stein met z, TI, 357). 


The plant is not usually relished by livestock, 
though it is occasionally browsed by horses and 
sheep. Composition of the plant is given in Table 1. 
Feeding upon this plant is liable to induce abortion 
in cattle. Cases of dermatitis and poisoning amongsi 
livestock have also been reported. Ingestion of the 
green parts of the plant produced photosensiri/alion 
reactions in experimental alhino animals. Afpieous 
extracts of leaves and flowers showed antibacterial 
activity (Salgues, (Jiidlit. Planl. Mat. Fcg., 1961. 8 , 
367 : Connor, Bull, Dcp. sci. indmir. Res., N.Z.. 
No. 99, 1951, 32: Clirm. Ahstr., i960, 54 , 21605; 
Nickell, Econ. But., 1959. 13 , 302). 

The herb yields an essential oil (0.05V..) containing 
acetic and butyric acids and a substance, persicariol. 
having a campbor-like odour. The flavonoids isolated 
from the herb include persicarin, hyperoside, 
avicularin. cpiercitrin and (piercetin. Tannins (1.5"..). 
gallic acid, phlobaphene, mucilage, pectin and 
ascorbic acid (t“n) are also reported. 'I*he rootstocks 
contain oxymethylanthra(|uinone. 'Ihe seetls yield 
4.8 per cent of a fatty oil (acid val.. 1.9 : and iod. val., 
109) (Atlas med. PI. U.S.S.R., 136 : Cildcmcistcr A' 
Ilolfmann, IV, 592 ; Ho|)pe, 722 ; Chrm. Ahstr., 1942, 
36 , 4361). 

P. plebeium R. Br. 

D.F.P., vr(i), 319 ; Kl. Br. Ind., V, 27 ; Gage, Rrc, 
hot. Surv. India. 1903. 2 , 383 ; Kirt. & Basil, PI. 806. 

Bk.vo . — Chnnti safr^ dubia .sv/g ; CJi j . — /.inako 
okhard ; K.w. — Siraniirr soppu ; Okiya Mnlhi sa^a. 

I)Ki.iit — Maclicii : LJitak Pradksii Machiclii. 
chotimaclihaclihic ; Sam ai. Ranipliul. tiirrrr arak ; 
I^xKiiiMi’t'K — Banjaluh. 

A very variable, diffusely branched, sullied or 
prostrate undershrub or herb, up to 60 cm. high, 
often with a woody rootstock, distrihuted in tlie moist 
areas throughout the hotter parts of India, ascending 
up to (*. 2.100 m. in the Himalayas. Leaves variahle. 
linear or linear-oblong to obovate : flowers |)inkish or 
greenish, solitary, axillary or : 3 together : nuts 
tri(|uetroiis, shining. 

The herb is used as a vegetable. It also eaten by 
horses. Ilie chemical composition of the herh is given 
in Table 1. The w’hole plant yields 1 1 per cent tannin, 
'i’he rootstock contains oxymethylanihratpiinone. It 
is reported to be used in bowel complaints. The 
powdered herb is given for pneumonia (Hooper, 
/ 1 gr/c. l.cdgcr. 1904, 70 ; Howes, 1953, 284 : Wehmer, 
I, 280 ; Haines, V, 775 : Carter <!k' Carter, Rcc. hot. 
Surv. India. 1921. 6, 369). 
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P. pulchi:um Bliime syn. P. tomcntosum Willd. non 
Schrank 

D.K.R, ni, 418; FI. Br. Ind., V, 30; FI. trop. 
K. Africa. Polygonaccae, Fig. 4/3. 

A small, thick, puljcsccnt herb, with prostrate 
stems rooting at the nodes, occurring in wet places in 
West Bengal, Orissa and the coastal areas of 
peninsular India ; it has also been reported from the 
North and South Andamans. Rootstock up to i.a m. 
long, often as thick as a finger ; leaves very variable 
in shape and size, usually lanceolate, pubescent ; 
flowers large, white, in racemes ; nuts black, shining. 

The plant is reported to he eaten by cattle. The 
leaves are used in salad. Tn Malaya, the herb is 
considered to possess tonic and blood-purifying 
properties. A decoction of it is given to cattle in 
i)lack-gall sickness. The rootstocks contain 2.5 per cent 
of an acrid resin, which acts as a cardiac depressant 
(Biirkill, II, 1793 : Watt & Breyer-Brandwijk, 860). 

P. virginianum Linn. — ToiY/m virfriniann (Linn.) 
Rafin. 

M. Br. Tnd., V, 31 ; Steward. Coutr, Cray fterh. 
Harv.s No. 88. 1930, 13-14. 

A sulvherbaceous perennial, 1.5 m. or more in 
height, distributed in the tem|X"rate Himalayas from 
Kaslimir eastwards and in Assam, at altitudes of 
6003,150 m. Leaves elliptic or elliptic-lanceolate: 
flowers red, in racemes : fruits ellipsoid, flattened, 
pale Ijrown, enclosed in persistent perianth. 

'file herb is stated to possess tonic, astringent, 
diuretic, demulcent, vulnerary and antispasmodic 
properties. The ether extracts of stem pos.sess anti- 
bacterial activity (Kirt. & Basu, III, 2104 ; Jacobs & 
Burlage, 166 : Nickcll, Econ, Bat., 1959, 13, 302). 

P. viviparum Linn. Viviparous Bishirt 

D.F.P., VI(i), 320: FI. Br. Ind., V, 31 ; Kirt. & 
Basil, PI. 805c. 

Pi'NjAii -Maslun, mamrcitc, hajir, hilauri ; 
Kashmir Masmi, 

A small herb, 10-30 cm. high, with a wootly root- 
stock, (listrihuted in the Himalayas from Kashmir to 
Sikkim, ai aliitudes of 3,300-4,800 m. Basal leaves 
long-petioled, linear or linear-oblong, upper leaves 
sessile ; flowers pink or while, in racemes, the lower 
replaced by bulbils : nuts dark brown, trigonous or 
biconvex. 

According to Hooker, the herb is probably an 
alpine state of P, bistorta. The young leaves and root- 
stocks are edible. The seeds are considered a delicacy 
in Russia. The rootstocks arc used as a substitute for 


tho.se of P, bistorta as anjubar. They are tonic and 
astringent, and used for diarrhoea, dysentery and 
haemoptysis. The herb is reported to pos-sess anti- 
septic properties. A decoction of it makes an excellent 
gargle for sore throat and spongy gums ; it is a good 
lotion for ulcers (Vykhoditsev &. Nikitina, Trudy 
hioL Inst., Frunze, 1947, 1, 1-26). 

P. (lumctorutn Linn, is a climbing or twining 
annual herb, 60-90 cm. long, with cordate or 
lanceolate leaves and greenish or reddish white 
flowers, distributed in the lemperate Himalayas from 
Ka.shmir to Kumaun, at altitudes of i,2(X)-2,7fx> m. 
Chemical compo.sition of the herb is given in Table 1. 
The leaves are u.sed as a laxative. Kmodin and rutin 
have been found in the herb. The rootstocks contain 
oxymethylanihra(|iiinone (U.S.l).. 1955, 1606 ; Hoppe, 
722 : Wehmer, I, 279). 

P. limbatum Mei.ssn. (Santal — Man<fallcta ; 
Mundari -Maranf^ sukuripota) is a stout, erect herb 
with lanceolate leaves and pinkish flowers, met with 
in swamps and ditches nearly all over India, up to 
200 m. The leaves are reported to be eaten as a 
vegetable (Bre.ssers. 124). 

P. macrophyllum 1). Don syn. P. spliavrosiacliyuw 
Meissn. is a small herb, with linear or linear-oblong, 
radical leaves and brilliant-crimson flowers in droop- 
ing spikes, distributed in the temperate Himalayas 
from Carhwal to Sikkim and Bhutan, at altitudes of 
3,(K)0 4,800 111. The lierb is stated to be a good 
.astringent (Kin. & Basu, Ilf, 2104). 

P. mivrorephalum D. Don (Assam Afadhu fuhuiir. 
niadu sulcufr) is a rigid, tall, erect or decumbent lierb, 
wilb ovate-lanceolate or oblong leaves and while 
flowers?, distributed in Nepal and Sikkim and in the 
Khasi, Naga, and Cacliar hills, and Assam, a.scending 
up to an altitude of about 2.000 m. In Assam, the 
young tops are sparingly used as a flavouring for 
other vegetables. 

P. polystachyum Wall, ex Meissn. (Punjab — 
Amldandi, cliuclii, iror ; Uitak Pradesh — Sarai) is 
a shriiliby, perennial herb, with oblong-lanceolate 
leaves ami white or pink flowers in terminal, thyr.soid 
panicles, distrihuted in the tem|)erate Himalayas 
from Kashmir to Mishmi hills at altitudes of 

2,ICM)-.^,200 III. 

The young leaves are eaten as pot-lierh : the stalks 
are consumed either raw after peeling or stewed like 
rhubarb. The herb is considered a highly palatable 
fodder. Analysis of the herb from Bugiyal pastures 
in Uttar Pradesh gave (on dry matter basis): crude 
protein, 18.4; ash, 9.0 : calcium, 1.24; phosphorus, 
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O. 23 ; and magnesium, 0.9';^- The flavones found in 

the herh arc rhamnaein, c|uercelin, (.|uercitrin, 
i 50 (|ucrciirin, quercetin diglucuside, probably 
identical with mercatin, and (|uerceiin-3-mono arahi> 
noside (m.p. 2*16-47°) (Joshi, Indian vet. /., 1966, 43 , 
1019 ; Chcni. Ahslr.^ *95^, 50 , 12039 » * 957 * 1H4S). 

P. nnnicifolium Royle ex Bab. is a herb, 15-45 cm. 
high, distributed frotn Kaslimir to Ne|)al, at altitudes 
of 1,890 4, 2(X) m. The young parrs are acidic and 
eaten like rhubarb. 

R runcinatiim Buch.-Hatn. ex I). Don syn. 

P. sinnatum Royle ex Bab. (Nepal -Ratna) is a 
small, creeping herb, rooting at nodes, with dormant 
bulbs, found in the Himalayas from Kashmir to 
Sikkim and in Khasi hills, at altitudes of 1,200- 
3,100 m. It is reported to be cultivated extensively in 
Sikkim. The leaves and flowers are eaten raw as well 
as cooked : they taste like rhubarb (Chose, /. Hcng. 
nat. Hist. 5 oc., 1958-59, 30 , 21). 

P. sihiricum Laxni. is a dwarf, glabrous berb, with 
narrowly linear leaves atid pink flowers in terminal 
panicles, found in Kasbmir, at altitudes of 3,3<x>- 
3,600 m. and in Sikkim. The leaves are reported to 
be eaten. 

P. stri^osuni R. Br. syn. P, (yeduncularc Wall, ex 
Meissn. : P. diehotoniuni Bliime is a sub-erect prickly 
herb, often rather stout, up to 90 cm. high, with 
linear-oblong leaves, and pink flowers in patiicied 
racetiies, distributed in the llimalavas from Punjab 
to Assam and southwards in Orissa and South India, 
ascending up to i,5<kj in. 

This species is very variable and iticliides a large 
number of varieties. 'The herh is said to be used 
medicinally by the Chinese. An infusion of the herb is 
an ellieieni stu])efacienr and is used as a fish-poison. 
In Australia, the berb is reported to cause poisoning 
in livestock (Steward, Contr. Cra\ Herh. Harv., 
No. 88, 1930, 88; Biirkill, II, 1792: Webb, Bull. 
Conn. sci. indnstr. Res. A //.%/., No. 232, 1948, 131). 

P. torlnosuni 1 ). Don (Punjab — Niala) is a mueb- 
branched, low shrub, found in the western 
Himalayas from Garbwal westwards to Ladakh, at 
altitudes of 2.7oo-5,o(X) m. It is brow.sed by goats and 
yaks. It has been reported to be used as a yellow dye. 

Polypodium — sec Drynaria, Pleopeltis, Polystichum 

POLYPOGON Desf. (Graniineai') 

A genus of annual or perennial grasses found 
in tropical, siilvtropical and temperate regions. Two 
species arc recorded in India. 


P. fugax Nees ex Steud. syn. P. littoralis Stn. var. 
Iiigegawcri Hook. f. 

FI. Br. Ind., VII, 246 ; FI. Assam, V. 155. 

An annual tufted grass found in the temperate 
Himalayas from Kasbmir to Bhutan u|) to an eleva- 
tion of i,2oo-3,(x>o m. and in the Naga hills above 
1.500 m. Leaves very scabrid. 6-10 cm. long and 
3-5 mm. broad ; inflorescence a s|)ike-like panicle, 
with small awned spikelets. 

Although P. fugax cbies not usually occur in the 
plains in India, the seeds are sometitnes carried down 
by the rivers and are found growing on sand banks 
and in gravelly river beds (Haines. V, 976 ; Prain, 11 , 
' 2 ' 2 )- 

The grass is grazed by cattle. Analysis of the grass 
from Jammu gave (on dry basis): protein. 7.0: ether 
extr., 1.6: carbohydrates. 42.0: crude fibre, 29.3: 
mineral matter, i8.^ ; calcium (CaO). 1.2 : and phos- 
phorus (PjO.-,), 0.4% (Chopra et al.. Indian J. agrie. 
Sci., 1956, 2 «, 415). 

P. monspeliensis Desf. Rabbi r-l'uor (Jkass, 

AnNUAI. BEARn-GRASS 

FI. Br. Ind., VII, 245 in part : Blatter &i McCann, 
207. PI. 137. 

Bombay Chitra, malhar. 

An annual tufted grass found almost through- 
out India from the Himalayas down to Kt'iala 
up to a height of 2,700 m. Leaves flat, linear, 
scabrid ; panicle spike-like, with spikelets 2.0-2.5 min. 
long, awn up to 8 mm. long ; caryopsis about 1.5 mm. 
long. 

The gra.ss becomes very bushy in moist places and 
is said to afford rich feeding for grazing animals 
(Bor, i960, ^03). 

An analysis of the grass from Jammu gave (on dry 
basis); protein, 11.8: ether extr., 1.3: carbohydrates, 
38.0 ; crude fibre, 24.9 : tnineral matter, 21.9 : calcium 
(CaO), 1.2 : and phosphorus (P/),), (C'hopra 

et al., Indian J. agric. Sci., 1956, 26 , 415). 

This .species is occasionally cultivated in gardens 
on account of its attractive .silky panicles (Hubbard, 

285). 

POLYSCIAS hoist, tk F orst. f. (Araliaceae) 

A genus of shrubs and trees distributed in the 
tropics of the Old World, particularly the I’acific 
Islands. One species occurs wild in India and three 
exotics are grown for ornament. 

Polyscias are easily jiropagated by cuttings from 
mature wood (Bailey & Bailey, 581). 
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P. fruticosa (Linn.) Harms syn. Nothopanax frutico- 
stim Mi(j. ; Panax frulicosum I aim. 

Kl. Br. Itid., II, 725: Bailey, 1947, III, 2745, 
•‘’ig- .?"3- 

An aromatic shriii), up to 2.5 m. hi^li, cultivated 
in gardens all over India for its ornamental varie- 
gated foliage : also grown in pots anti for hedges. 
Leaves up to 30 cm. long, 2-3 pinnate: leaflets very 
variable, narrow-ovate to ohlanceolate, sometimes 
laciniate, finely or deeply bristle-serrate : flowers 
yellow or bron/e-green, in uiribellaie heads : fruits 
compressed, broadly ovoid, c. 4 cm. long. 

The leaves are used as a flavouring : they are also 
eaten after boiling. The root tastes like parsley. The 
plant is said to possess astringent properties : it is 
used in fevers. The leaves and roots are diuretic : their 
decoction is given for the treatment of stone, gravel 
and dysuria. The powdered leaves arc mixed with 
salt and used as a vulnerary (Burkill, TI. 1563, 1795; 
Brown, 1946, III, 170: Quisumbing, 67S : Kirt. & 
Basil. 11 , 1234). 

I\ pinufita Korst. & Forsi. f. is a shrub, native of 
the Pacific Islands, cultivated for ornament in various 
horticultural forms and often grown as a hedge. The 
species has been introduced into the Indian Botanic 
Garden, Calcutta. The leaves are rubbed on the gums 
prior to extracting the teeth, presumably with the 
idea of benumbing the nerves (Stone, Taxoti, 196^, 
J4, 281). 

P. Scutellaria (Bunn, f.) K.R. Fosherg syn. Noilio- 
panax scuicllarium Merrill : N. cnchlcatinn Miij. : 
Panax cnchlcatinn DC. is a large shrub, i. 5-3.5 m. 
high, commonly grown in pots and gardens for its 
ornamental foliage. Leaves commonly unifoliolate 
()r with 2-5 rounded or cordate leaflets, but 
sometimes white or yellow variegated, saucer- 
shaped. 

The young leaves are boiled and eaten as a 
vegetable. They are used for dressing ulcers, fn Java, 
a poidtice of the leaves is applied to the scalp to 
jirevent baldness. The roots are diuretic (Burkill, II, 
1563 ; Quisumhing, 678). 

POLYSTICHUM Roth {Polypodiaccac) 

Beddome, Indian Ferns, 201. 

A large genus of evergreen, terrestrial or occasio- 
nally epiphytic ferns distributed in the warm parts 
of the world. About 24 species occur in India, mostly 
in the Himalayas. 

Several species of Polysticlium are grown for 
ornament. Many of these are hardy and thrive best 


in well-drained, sandy loam. They are propagated 
either by spores or divisions (Bailey, 1947, II, 1215; 
Chittenden, 111 , 1638). 

P. aculcatnm (Linn.) Roth syn. Polvpoditnn aculea- 
turn Linn. (Kumaun — Kuthinre, kulhurka), com- 
monly known as Hard- or Prickly-Shield Fern, is a 
hardy, very variable, tufted, terrestrial fern found in 
the hills almost throiighoiit India, some varieties a.s- 
cending to an altitude of about 4,(xx) m. Several 
horticultural varieties are grown in green houses and 
in the open for their elegance. The fronds attain a 
large size (up to i.o m. long) and arc used for the 
preparation of a curry (Bailey, 1949, 87 : Bhargava, 
/. Bombay nat. Hist, Soc„ 1959, 56, 26). 

Polytoca — see Chionachne, Trilobachne 

POMADERRIS Lahill. (Rlianniaccac) 

Bailey, 1947, III. 2750: Fy.son, I, 121 ; II, PI. 94. 

A small genus of shrubs native to Australia, New 
Zealand and New Caledonia, sometimes planted for 
ornament in warm regions. Three species are reported 
to be grown in India. 

P. apvtala Lahill., a highly tomentose shrub or 
small tree with thick lanceolate leaves and very 
attractive while, apetalous flowers, borne in panicles, 
5-8 cm. long, is reported from Nilgiris and 
Darjeeling. Ji is considered a useful tree for fodder. 
The leaves are said to he eaten with avidity by 
pasture animals (Krishnamurihi, 223 : Biswas, Rcc, 
hoi, Surv, India, 1941), 5, 369 : Jt Publ. imp, a^ric. 
Bur,, No. 10, 1947, 48). 

P. lanifTcra Sims and P. racemosa Hook, are IW(» 
other species introduced into India, the former 
reported from Nilgiris and Kodaikanal liills and the 
latter from the Lloyd Botanic (harden, Darjeeling 
(Pallithanam, /. Bombay nat. Hist. Soc„ 1956-57, 54, 
835 : Biswas, loe. cit.). 

Pomegranate — srr Punica 

POMETIA Forst. & Forst. f. (Sapindaccac) 

A small genus of trees distributed in the Indo- 
Malaysian region and the Pacific Islands. One species 
occurs in Inclia. 

P. pinnata Forst. & Forst. f. syn. P, tomentosa Kurz. 

Kasai Trkk 

D.E.P., VI(i), 320; FI. Br. Ind., I, Tx^i in part. 
Andamans — Thitkandu. 

An evergreen, buttressed tree, up to 47 m. high 
and 3 m. in girth, with a dense shady crown found 
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commonly along the streams in the Andamans. Bark 
reddish hrown, exfoliating in small, thick flakes ; 
leaves paripinnate, up to 90 cm. long: leaflets 8-20, 
orbicular to oblong-lanceolate, increasing in size to- 
wards the rip ; flowers polygamous, small, yellowish 
green or brownish, in large pendulous panicles ; fruits 
ellipsoid or sub-globose, i. 2-5.0 cm. diam., smooth, 
purple, deep red or hrown, changing to black ; seeds 
red-brown, enclosed in a white, pulpy arillcKle. 

This species is extremely variable, and is still in the 
process of dinerenriarion. Eight forms have taxono 
mically been recognized, of which two, f. glabra 
(Bltime) Jacobs and f. tomentosa (Blume) Jacobs, 
have been recorded from the Andamans. Besides, 
several unidentified paramorphs have also been diffe- 
rentiated (Jacobs, Reinwardtia, 1961-64, 6 , 109). 

The Kasai tree is good for ornamental purposes. 
In Malaya, its native country, it thrives on sandy 
alluvium, pariiciilarly on the riverside and with- 
stands periodical inundations, ft is propagated 
through seed (Mitchell, Malay. For., 1964, 27 , 136)- 

Sapvvood is pale, gradually merging into purplish 
or reddish brown hcartwood. The latter is close- 



F.R.I., Dehra Dun. Photo : Ramvsh Ran 

FIG. 77-POMETlA PINNATA— TRANSVERSE SECITON OF 
WOOD (xlO) 


grained, rather fine-text tired, moderately hard, strong, 
tough, flexible and heavy (wl., 673 88 1 kg. /cu.m.). 
It is diflicult to season and is liable to shrink and 
warp badly unless stacks arc suitably weighted. It is 
durable under cover, but only moderately so in 
exposed .situations and in contact with the ground, ft 
is easy to work, bends well when steamed, and takes 
fine polish. Analysis of the wood (from Phili|)pines) 
gave: cellulose. 43.97 • lignin, 37.29: and ash. 1.36",.. 
I'he wood, after careful seasoning, is used lor tea- 
boxes and sleepers. In the Philijijiines. it is used for 
beams, joints, rafters, masts and spars, flooring and 
other interior con.struction, furniture, cabinet-work, 
agricultural implements, tool handles, lioat making 
and cooperage. It is also used as fuel in the Andamans. 
The timber is attacked by beetle borers and fungi. 
Probably it contains triterpenes | Browne. 319: 
Howard. 513 ; Burkill, II, 1797 : Yenko rt al., Fltilil)!). 
/. Sci, 1934. 55 , I : Desch, 1954. 533-35 : Lewis. 1 18- 
19 ; Parkinson, 136 : Mathur & Balwant Singh. Indian 
For. Bull., N.S., No. 171(7). 1959. 51 : Snjan Singh 
et ah, Indian For., 1961, 87 , 248 : Simes cl ah. Ball, 
sci. industr. Res. Org. Aust., No. 28 1. 1959, 1 1 1. 

The arillodes are sometimes eaten : thev are juicy 
and sweet and possess pleasant flavour. Seeds are tiily. 
and are consumed boiled or roasted. A decoction of 
the leaves and hark is used in a batli for fever. In 
Java, the bark is applied to festering sor(‘s (Uphof. 
292 : Burkill, If. 1797 : Jacobs, loc. cit.). 

PONCIRUS Rafin. (Rutaceac) 

A monotypie genus, native of central and northern 
China, formerly included under Citrus. 

P. trifoliata Kalin, syn. Citrus trifoliata Linn. 
TRiFoi.iArE Orange 

Swingle in Webber & Batchelor. I. 367, Fig. 60 ; 
Hume. 1957, 28, Fig. 35-37. 

A small densely branched tree of ratlier u|)right 
habit, 3.5-4-5 m. high, with stout still thorns and 
trifoliate, deciduous leaves : flowers large, white : 
fruit very fragrant, light orange, 3.7 5.0 cm. diam.. 
rough, densely covered with line downy hairs. 

The trifoliate orange is said to have been an early 
introduction to Assam. It dillers from all other 
tropical or sub-tropical citrus fruit trees in having 
penetrated far into the temperate /one iti north- 
eastern Asia and in so doing has become hardy and 
frost resistant. As a commercial fruit, the trifoliate 
orange is worthle.ss, but it is. however, valuable as a 
hedge or ornamental plant, as a stock on which to 
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work citrus fruit varieties and as a parent in hybridi- 
zation (Sampson, Kezv Bull. Addl Scr., XII, 1936, 
145 ; Swingle in Webber Batchelor, I, 367 ; Ilume, 
1957, 28). 

Almost all kinds of citrus fruits grow readily on 
this stock, but are somewhat dwarfed and forced 
into early bearing. Of all the stocks for citrus 
trees, it is the hardiest and imparts to the scion some 
of its hardiness and resistance to heat and cold, 
though it may tiot be advisable to use it as a stock 
in regions free of frost. It is said to be immune to 
Ph\tophtliora root- rot and able to thrive in soils too 
moist for other rootstocks. Fruits produced by trees 
grown on this stock are usually smaller in size than 
on other stocks, hut are very attractive and of fine 
cjuality ; the trees are very ])recocious atid prolific. In 
China, the trifoliate orange is said to be preferred as 
rootstock for a fruit very similar to our Indian Snntara. 
In Japan atid U.S.A., it has been used extensively as 
rootstock for high grade Satsuma oranges, and for 
grape fruit (Citrus paradisi), tangerine (C. reticulata), 
kutn(|uat {Fortunella sp.) and others. Its performance 
as a rootstock for the sweet orange under Saharanpur 
conditions was not as encouraging as that of Kama 
khatta (Citrus karna) which is the most widely used 
stock in North India (ITume, 1957, 168-71 ; Plant 
Breed. Ahstr., 1954, 24, 275: Hayes, 203; Singh, 
Indian J. Hart., 1963, 20, 88 : Chakravarthy, Sci. & 
Cult., 1964, 30, 99). 

The trifoliate orange has been crossed with many 
members of the Citrus group with the object of 
obtaining hybrids that would resist frost. These 
hybrids, named Cit ranges, have proved to be vigor- 
ous growers that withstand temperatures fatal to 
ordinary oranges, but in quality the fruits are not so 
good as the sweet oranges. It is possible that further 
hybridization may yield a race of hardy edible fruits. 
The citranges have also proved valuable as vigorous, 
hardy, disease resistant rootstocks for other citrus 
fruit types. They have also been cros.scd with the 
kumtiuars to produce Citraiigequats, some of which 
have become well known in U.S.A. (Hume, 1957, 
29 -32 : Swingle in Webber & Batchelor, I, 369). 

Two flavonone glycosides, viz. poncirin (CanHajOj. 
3H/), m.p. 210-11") and naringin (CarHs-jO,!, in.p. 
82“), have been isolated from the leaves, flowers 
and the fruit peel. Poncirin is present also in the fruit 
flesh. Both the immature and the fully ripe fruits, 
sliced and dried, are said to he used in Chinese 
medical practice. A syrup can be made from the juice 
of the fruit which can he used for flavouring. The 


peel can Iw candied after treatment with brine and 
softening by boiling ; it is said to make excellent 
spicy flavouring for cakes. The residue after remov- 
ing the peel yields about 5.75 per cent pectin from 
which a stiff jelly with a bitterish flavour can be 
prepared (Swingle in Webber & Batchelor, I, 370 : 
Mcllroy, 40: Chem. Ahstr., 1957, 51 , 6788). 

PONGAMIA Vent. (Leguminosac ; Papilionaceae) 

A small genus of trees represented in India by P. 
pinnata, distributed from Seychelles and India to 
northern Australia and Fiji in the easl. The seeds of 
P. pinnata yield a useful oil. 

P. pinnata Pierre syn. P. glabra Vent. 

PoxcAM Oil Tree, Karanj. Indian Beech 
D.E.P., VI(i), 322 : FI. Br. Ind., II. 240 : Thothathri, 
Bull. hot. Surv. India, 1961, 3 , 417. 

Hindi. Benc., Mar. & Guj. — Karanj, karanja ; 
Tel. — Gaantigaf pungu ; Tam. Ponga, pongam ; 
Kan. Honge : Mal. — Pungu, punnu ; Oriya- 

Koranjo. 

Punjab & Kumaun — Sukhchein, karanj, paphri ; 
Assam — Karchaw. 

A medium-sizetl glabrous tree, with a short bole 
and spreading crown, up to 18 m. high or some- 



FIG. 78— PONGAMIA PINNATA— FLOWERING BRANCH AND FRUITS 
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limes even more and c*. 1.5 m. in girtli, found almost 
throughout India, up to an altitude of 1,200 m. and 
distributed further eastwards, chiefly in the littoral 
regions of south-eastern Asia and Australia. Bark 
greyish green or brown, smooth or covered with 
tubercles; leaves imparipinnate ; leaflets 5 '7, ovate 
or elliptic : flowers lilac or white tinged with pink or 
violet, fragrant, in axillary racemes ; pods com- 
pressed, woody, indehiscent, yellowish grey when 
ripe, varying in size and shape, elliptic to obliquely 
oblong, 4.0-7 .5 cm. long and i. 7-3.2 cm. broad, with 
a short curved beak ; seeds usually i, rarely 2, ellip- 
tical or reniform, 1. 7-2.0 cm. long and 1.2-i.fl cm. 
broad, wrinkled, with reddish brown leathery 
testa. 

This species includes perplexingly variable forms, 
sometimes classified as different varieties or species. 
Recently a comparative study of the chemical com- 
ponents of the various parts of the Indian and 
Australian materials suggested that they may be 
distinct (Prain, /. Asiat. Soc\ flei/g., 1897, 66 , pt 2, 
No. 2, ^47 ; Khanna & Seshadri, Curr, Sci,, 1964, 33 , 

644). 

The tree is considered to be a native of western 
ghats and is chiefly found along the banks of streams 
and rivers or near sea coast in beach and tidal forests. 
It is not exacting in its soil and climatic require- 
ments and grows in ilry places far in the interior, up 
to an elevation of i,<k)o m. It is often grown as a 
roadside avenue tree nearly all over India. It resists 
drought well, is moderately frost-hardy and highly 
tolerant of salinity. It is a shade-bearer and is consi- 
dered to be a good tree fur planting in pastures, as 
grass grows well in its shade. The tree is used for 
afforcstatioti, especially in water sheds, in the drier 
parts of the country (Troup, I, 331-32 ; Daw'son, 
Mysore ngrk. /., i960, 35 , 109 ; Burkill, II, 1798). 

Natural reproduction is through seed or by root 
suckers. The seeds are said to retain viability for a 
year. Artiiicial regeneration is carried out through 
direct sowings or transplanting one-year old seedlings 
raised in nursery. Root or shoot cuttings can also be 
used for this purpose. It is a good coppiccr, and is 
regarded as a fast-growing species. In West Bengal, 
a rotation of 30 years is considered suitable for fuel 
plantations. In South India, the tree is often pollarded 
for fodder or for green manuring pur])oses. The tree 
is attacked by a large number of insects and a few 
fungi. It is a host for the lac insect | Troup, 1 , 
331-32 ; Mathaiida, hidian For., 1955, 81 , 563 ; 
Mathur & Balwant Singh, Indian For. Bull., N.S., 


No. 171(7), 1959, 51 : Bagchee Ujagar Singh, Indian 
For. Rcc., N.S.. A/yco/., 1954, 1 , 284 : Burkill, II, 1799I. 

The tree starts bearing at the age of 4 7 years. The 
fruits come to harvest at different periods of the year 
in different parts of the country, hut the harvest 
season extends in general from November December 
to May-June. riie pods are collected and the shells 
removed by hand, 'riie yield of seed is saiil to range 
from 9 to 90 kg. per tree. No organized collection of 
seed is uiulertakeii and a large part of the |)roduce 
is not collected. The (|uantiry actually collected in 
different parts of the country varies frotn about 75 per 
cent of the potential jiroduction as in Mysore, to a 
low figure of just about 2 per cent as in West Bengal. 
The total (piantity available for collection in the 
country is estimated at about 97 ,(mx) tonnes against 
the acttial collection of only 11,500 tonnes (Troup. 1 , 
331 ; Sankaran, Indian Oilsrrds /., 1956-57, 1 , 224, 
347: 1959. 3 , 179; Bhtishan, ibid., i960. 4 , 30; 
Narayanan, ibid., i960, 4 , 93 ; Patel & Yawalkar. 
ibid., 1963, 7 , 148). 




ric. 79-PONGAMIA PINNATA-PODS AND ShEDS 
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UiiiJZ/vrroN and CoMi»osrnoN 

Seeds — The mature seed (av. \vl., i g.) consists of 
al)oiit live per cent of shell and 95 per cent of an 
oleaginous ’kernel. Analysis of a sample of air-dried 
kernels (from Waltair) gave the following values: 
inoisnire, 19.0; fatty oil, 27.5: protein, 17.4; starch, 
6.6 ; crude lil)re, 7.3 : and ash, 2. 4 Vo. The seeds con- 
tain a mucilage (i3.57«.), traces of an essential oil, and 
a complex amino acid named glahrin (CaiHiaOiaN,, 
ni.p. 2(;o'^ decomp.). Four furanoflavones, karanjin 
m.p. 158.5“), pongapin m.p. 

190-91*^), kanjone (C,Jl,20j, m.p. 191°), and ponga- 
glahrone (C,sH,„()..iHaO, m.p. 233“), and a diketone 
pongamol m.j). 128-29°) have been iso- 

lated from the Indian seeds. Seeds from Australia 
contained only pongapin. Karanjin and pongamol, 
which are associated with non-glyceride portion of 
the oil and have a bitter taste, arc the major flavones 
of the seeds ; other llavones occur as minor com- 
ponents. The presence of a hypotensive principle and 
a substance producing marked uterine contractions 
lias been reported. Seeds and immature pods from 
Australia gave positive tests for the presence of 
alkaloids |Rao el aL, Proe, Indian Acad, Set,, 1939, 
lOA, 65 : Rao & Rao, ibid., 1941, 14 A, 123 ; Sinha, ], 
Itisln Clietn. India, i960, 32 , 70 ; Chopra, 1958, 389 ; 
Rangaswami Seshadri, Pwe, Indian Acad, Sci„ 
1942, ISA, 417 ; Narayanaswamy rt ai, J, chem, Soc„ 
1954, 1871 ; Aneja ct al., ibid., 1963, 163; Khanna & 
Seshadri, Tel railed roti, 1963. 19 , 219 ; Curr, Sci„ 1964, 
33 , 644: Rhatnagar el aL, J, sci, induslr. Res., 1961, 
20 A( 8 ), supj>l., I : Wehh, Bull, .sci, induslr. Res. Or^. 
AusL, No. 26S, 1952, 55 : ibid.. No. 241, 1949, 31]. 

Tin* seeds are mainly valued for the oil obtained 
from them which has many industrial and medicinal 
uses. Powdered .seed is valued as a febrifuge and 
tonic and used also in bronchitis and whooping 
cf)Ugh. "'riie powder of the rind of the pod is also 
similarly used. The seeds crushed to paste are used 
for leprous sores, skin disea.ses and painful rheumatic 
joints. 'Fhe seeds are reported to be used as a lish- 
poi.son (Kirt. & Basil, I, 830 : Pharmacognosy of 
Ayurvedic l)rug.s, Ser. I, No. 4, i960, 8 ; Nadkarni, T, 
1004: Burkill, II, 1798). 

Ptnijfam nil —The seeds contain 27-39 per cent of a 
fatly oil which is used for leather dressing, soap 
making, hihricalion, illumination, and for medicinal 
purposes. Tlie seeds may he crushed for oil entirely 
in the mills as in Maharashtra or to .some extent in 
village crushers also as in Andhra Pradesh and 
Mysore. The yield of oil varies according to the 


methods of extraction; in general, it is 24.0-27.5 per 
cent from the expellers and 18-22 per cent from 
village crushers (Eckey, 521 ; Sankaran, Indian Oil- 
seeds 1956-57, I, 221 : Narayanan, loc. cit.). 

Crude pongam oil has a yellowish orange to brown 
colour which darkens on storage. It possesses a dis- 
agreeable odour and a bitter taste, and has the follow- 
ing characteristics; sp. gr.’" , 0.9273: 1.4736; 

sap. val., 181.5: iod. val., 89.1 ; acid val., 6.3; acet. 
val., 20.9 ; and un.sapon. matter, 4.2 'X.. The colouring 
and odorous constituents of the oil are not easily 
removed by the conventional methods of purification. 
A process for the purification of the oil by cold 
extraction with alcohol and suh.se(|uent alkali refin- 
ing and bleaching has been patented ; the final 
product is obtained in a yield of 91 per cent. Alcohol 
percolation through the .seeds prior to pre.ssing has 
also been suggested. A pale and almost neutral 
product (acid val., 0.1 ; colour, 7.6 ¥ + 0.7 R) can be 
obtained by treating the crude oil with sodium 
chlorite and then with alcoholic caustic .soda in three 
.stages in concentrations of 0.3. o.i and o.i per cent 
(Vidyarthi, Indian Soap J., 1951- 52, 17 , 54; Mitra, 
Indian Pat., No. 47802, 1954 : Nandanwar el aL, 
Indian Oil & Soap J., 1963 64, 29 , 48 ; Rebello tS: 
Shitolle, /. sci, induslr. Res., 1961, 20 D, 179). 

Indian Standard Specifications for pongam oil are 
as follows: moisture and insoluble impurities. 
]J>o.25‘X. : colour (on the Lovibond .scale, Y + 5 R). 
>40; SJ). gr.;;;;:. «).925-<M;4r> : n"'\ 1.4734-1.4791); 
acid val., ]]^2o ; .saj). val., 185- 95: iod. val. (Wij.s), 
80 90: unsapon. matter, 3^30",,: and title, <^31': 
the filtered .sample kept at 3f)° for 24 hours shall show 
no turbidity (IS: 3492-1965). 

The oil re.semhles groundnut oil in composition. 
The fatty acid composition of the oil shows the 
following ranges of values: palmitic, 3.7-7.9 : stearic, 
2.4-8.9 : arachidic, 2.2-4.7 : behenic, 4.2 5.3 : ligno- 
ceric, 1. 1-3.5 : »leic, 44.5-71.3: linoleic, 10.8-18.3: 
and cico.senoic, 9.5-1 2.4'X.. Some investigators have 
variously recorded the presence of myristic. dihydro- 
xystcaric, ceroiic, linolcnic, and traces of docosenoic 
and tetracosenoic acids. The unsaponifiable matter 
contains ^-sitosterol (Indian Oil & Soap J., 1964-6^, 
30 , 121 ; Mehta & Meshramkar, Indian J. appl. 
Chern,, i960, 23 , 23 : Desai el aL, J. Indian Inst. Sci., 
1923, 93 ; Gupta & Mitra, J, Indian chem. Soc., 

>953» ^9 781 ; Pathak & Dey, /. chem. Soc., 1957, 
1917; Sinha, Indian J, appl. Chem., 1959, 22 , 86). 

The non-fatty components of the oil include 
karanjin and pongamol. Karanjin slowly separates 
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from iIk* oil on standing : older samples of the oil, 
iherefore, contain lesser amounts of karanjin. Its con- 
centration in the oil also depends eonsiderahly upon 
factors like the place of origin and season of collec- 
tion of seeds. 'Fhe pongamol content of the oil does 
nor show much variaiion. Yields rtf up to 1.25 per 
cent of karanjin and 0.S5 per cent of pemgamol have 
been obtained from the oil (Rao cl (iL, I roc. Inflinn 
Acad. Sci., 1939, lOA, 65 : Rao & Seshadii, (anr. Sci., 
1940, 9 , 76 : Rangaswamy & Seshadri. Indian ]. 
Pharni., 1941, 3 , 3 ; Jatkar cV Mattoo, /. Indian clicm. 
Soc., indnstr. Edn, 1954, 17 , 39). 

'1 he main use of pongam oil is in the tanning 
industry for the dressitig of K.I. leathers. A process 
has been developed for the pre|)aratioti of sulphured 
pongam oil which can he used for making fat li(|Liors 
suitable for the leather industry. The oil finds use 
to a ceitain extent in the preparation of washing 
soaps and candles. It is more suitable for this jiurpose 
after refining, since crude oil produces a soap with 
object ionahle colour and odour. 'Fhe jturilied oil can 
he used up to the extent of 25 per cent in the soap- 
stock without affecting the (juality of the soap, 
l^artially hydrogenated pongam oil can replace 
hardened groumlnut oil in laundry soaps |Kishore ct 
al.. Ball. cent. [..eaih. Res. Inst.. Madras, 1955-56, 2 , 
9 ; Kishore < 1 ^ Nayudamma, Indian Pat., No. 6234S, 
1959 : Sethi, Indian Oil Soajy /., 1964 65, 30 , 6S ; 
ibid., 1964 65, 30 , 121 : Painaik, Oils & Oilseeds /., 
i 95 <’“ 5 '- ^(*2), 16I. 

'Fhe oil can he used after neuirali/.ation as a 
lul'ii'icani for heavy lathes, chains, hearings of small 
gas engines, enclosed gears and heavy engines. It has 
also been irii-d as a fuel in diesel engines ; it showed 
good break thermal elliciency. The oil is usetl in the 
villages for illumination purposes (Thiagarajan & 
Srikantan, /. Indian chcni. Hoc., indnstr. Edn, i9<jo, 
13 , ,63, 201, 2 10, 219, 227 : Chowdhury rt al.. Gas Oil 
Rzer, 1942, 37 , So). 

1'he oil is highly esteemed for medicinal purposes. 
It is applied in scabies, herpes, leucoderma and other 
cutaneous diseases. Internally, it has sometimes been 
used as stomachic and cliolagogue in cases of 
dyspepsia with sluggish liver. Mixed with lime or 
lemon juice, it has been reported to he useful in the 
treatment of rheuinalism (Chopra, 195S. 33S : Kin. & 
Basil, I, 830). 

Karanjin is the active principle responsible for the 
curative effect of the oil in skin disea.ses. Clinical 
experiments indicate that it is free from the highly 
irritating anil inflammatory etfecis of coitmarin 


compounds and its application in solution with other 
vegetable oils such as coconut, sesame or groundnut 
oil is reported to he heller than when incorporated in 
a paraflin base (Seshadri & Sood, Carr. Sci., 1963, 32 , 
195 : Rangaswami & Seshadri, Indian ]. Pharni., 
1940, 2 , S3). 

The oil and its active component karanjin possess 
insecticidal and antibacterial properties. 'Fwo per cettt 
pottgam oil-resin .soap spray is reported to he effective 
against the nymph and adult stages of the greet! hug 
of coffee. Karattjiti is highly toxic to fish : jtotiga- 
mol exhibits comparatively milil toxicity. Alcoholic 
extracts of oil showed activity against both (iram- 
positive and Gram-negative organisms such as Micro- 
coccus [ixo^enrs var. aureus, M. l^xn^cnes var. alhus, 
M. pxo^enes var. citreus. Bacillus suhlilis, ('nr\ni- 
hacterium diphtheriae. Salmonella typhosa, S. para- 
typhi A and B, and Escherichia coli. Karatijiti (in 
dilutions of 10“’) suppressed the growth of Myco- 
bacterium tuberculosis H:,.Rv. Conflicting results arc 
reportetl regarding the atitihiolic activity of the oil 
and its extracts wlu*n determined by different tests 
(Ostnatti & Naidti. Sci. & Cult., 1956-57. 22 , 235 ; 
Chem. Abstr., 1934. 28 , 6515: Rangaswami & 
Seshadri, Indian j. Charm., 1941, 3 , 3: Patel & 
'Frivedi, Indian ]. med. Res., 1962, 50 , 218: Bhat 
et al., Indian Oilseeds /., 1956 57. 1 , 298 ; Ramaswatny 
ift Sirsi, Indian J. Charm., i960. 22 , 34 : Jamhotkar 
et al., ibid., 1962, 24 , 154). 

Seed cake — The cake left after expression of oil has 
a hitler taste and is imsiiitahle for feeding livestock. 
It has a high nitrogen content and is mostly used as 
a manure. In Mysore, it is sought after by sugar- 
cane growers and gardeners, as it repels red ants. 
'Fhe cake is also valued as manure for cc^lfee and 
is also reported to reduce tlie incidence of root- 
knot of tomato caused by Meloidofryne javanica 
('Freiih.) Chitwood. It is found lo nitrify the soil con- 
.siderahly : de-oiling has no influence on nitrification. 
A sample of the expeller cake from Uttar Pradesh 
showed the following chemical composition: 
moisture, 9.7 : oil. 7.8 ; protein, 31.9 ; carbohydrates, 
39.8: fibre, 3.7: and ash, 7.1''... 'Fite manurial value 
of the cake is as follows: nitrogen, 5.1 : phosphorus 
(PjO.), i.i ; sodium (Na..O), 0.8 : and potassium (K .O), 
1.3“... Fhe seed cake contains glahrin and free 
arachidic, lignoceric and hehenic acids |Kckey, 521 ; 
ryeiigar, Mysore a^ric. }., 1956, 31 , 5 : C^ameron, 98 ; 
Singh, FAO Cl. Crot. Bull., 1965, 13 ( 2 ), 35 : Naik et al., 
Poona ai^ric. ('oil. Mafr., 1960-61, 51(3 ^ 4 )* -7 » 
Prakash cl al, J. Instn (Uiem. India, 1953, 25,31 ; 
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Ran & Rac), Proc, Indian Acad. Sci., 1941, 14 A, 123 : 
/. Indian clicni. Soc., 1940, 17 , 526I. 

A protein .preparation (yield 23%, dry basis) suit- 
able as a substitute for casein in the adbesive 
industries has been extracted from the seed cake 
with sodium carbonate. A good organic manure can 
be obtained as a by-product. Water paints obtained 
with the protein as binder are of good ([uality. The 
protein is also a good spreader adhesive for insecti- 
cidal sprays. Its use in the plastics industry has been 
suggested (Srinivasan & Subrahmanyan, /. Indian 
Inst. Sci., 1934, 17 A, 49). 

Wood — The wood is white and somewhat lustrous, 
aging to cream colour and often becoming dull, 
irregular or inteiiocked-grained, medium coarse- 
textiired, moderately strong, tough, fihroiis, hard and 
light to heavy (sp. gr., 0.747 : wt., 593-S65 kg./cu.m.). 
It is not durahle and is very easily attacked by insects 
unless well .seasoned. Water-seasoning is reported to 
reduce insect attack : graveyard tests show an average 
life of about two years. The wood is liable to split 
and warp badly in seasoning, but water-seasoning 
improves it. It is not dillicult to saw, work, turn and 
finish. The data for the comparative suitability of the 
timber, expressed as percentages of the same 
properties of teak, are: wt., no: strength as beam, 
80 : stillness as beam, 85 ; suitability as post, 75 ; 
shock-resisting ability, 125: reteiiiion of shape, 60; 
shear, i to : and hardness, 100. A few fungi have been 
ircordc'd to attack the wood (Pearson & Brown, I, 
4(X)-oi : (ramble, 262 : Li may e, Indian For. Rcc., 
N.S.. Tinih. Mrcli., 195^, 1 , 57, Sheet No. 16; 
l iimaye & Sen. ibid., 1953, 1 , 9b : Purushothatn rt al., 
Indian For., 1953, 79 , 49 ; Bagc hee Ljagar Siiigli, 
Indian For. Rcc.. N.S., M\col„ 1954, 1 , 284). 

The wood is used for yokes of bullock carts, 
ploughs, .solid cart-wheels, rafters of thatched cot- 
tages, oil mills, furniture, small turnery articles .such 
as planes, chisels, and .screw drivers. Its u.se as pattern 
wood and as veneer for ply work has been suggc'sted. 
'Phe wood has been tried as a source of pa[)er pulp in 
admixture with other hardwoods. The wood is com- 
monly used as fuel : calorific value- -4,839 cal., 
8,710 B.l.ti. 'i'he wood a.sb is reported to ])e used in 
dyeing. The twigs are u.setl for cleaning teeth (Pearson 
& Brown, I, 402 ; Trotter, 1944, 194, 198 ; Cdicm. 
Abstr.. 1963, 58 , 7026; Krishna & Ramaswami, 
Indian For. Ball., N.S., No. 79, 1932, 21). 

Destructive distillation of the wood gave the follow- 
ing products (dry basis): charcoal. 31.0 ; pyroligneous 
acid, 36.6; acid, 4.3; ester, 3.4; acetone, 1.9; 
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methanol, i.i : tar, 9.0; pitch and losses, 4.4',’*.: and 
gas (at N.T.P.), 0.12 cu.m. /kg. (Kedare & Tendolkar, 
/. sci. induslr. Res., 1953, 12 B, 217). 

Leaves 'Pile leaves are lop[)ed for fodder and are 
.said to act as a galaciagogne. 'Phey are rich in 
nitrogen, and contain 7.19 mg./ 100 g. of carotene. 
'Phey are popular as green manure for rice and sugar- 
cane fields, areca gardens and coffee plantations. 
Manurial value of the leaves and twigs are respec- 
tively: nitrogeti, 1.16, 0.71 : phosphorus (P2O;,), 0.14, 
0,11 : potash (KX)), 0.49, 0.62 : and lime (CaO), 1.54, 
1.58%. Green manuring with the leaves is reported to 
reduce the incidence of root-knot of tomato, caused 
by Mvloidogync javanica. Lxtracis of the leaves were 
active against Micrococcus p\ogcncs var. aureus 
I Use of Leguminous Plant.s, 236 : Iyengar, Mysore 
agric. y., 1956, 31, 5 : Acharya c't Malpoorwala, /. I hiiv. 
Bombay, N.S., 1952-53, 21A(32), pt 3, 47 ; Nair el al, 
Madras agric. /., 1958, 45 , 114: Varadarajan & 
Sanyasi Rajii, ibid., 1956, 43 , 59 : Singh, loc. cit. ; 
Joshi & Magar, /. sci. induslr. Res., 1952, IIB, 261]. 

The juice of the leaves is prescribed in flatulence, 
dy.spepsia, diarrhoea and cough ; it is also considered 
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a remedy for leprosy and gonorrhoea. A hot infusion 
of the leaves is used as a medicated hath for relieving 
rheumatic pains, and for cleaning foul ulcers and 
sores (Kirt. & Basil, I. 830 ; Nadkarni, I, 11x^3). 

Roots -The juice of the roots is used for cleansing 
foul ulcers and closing fistulous sores and for cleaning 
teeth and strengthening gums. The juice is also used 
in the treatmenr of gonorrhoea. A paste of the roots 
is u.sed for local application in scrofulotis enlarge- 
ments. The roots are said to he used as fish-poison 
by the aborigines of Australia, the leaves being less 
potent in this respect (Burkill, 11 , 1798: Kirt. & 
Basil, f, 831 ; Nadkarni, T, 1004). 

The root hark contains two closely related deriva- 
tives, kaniigin m.p. 203-05°) and 

demethoxy-kanugin (m.p. 146-47°). The stem hark 
also contains these compounds, hut in minor amounts. 
Kanugin is feebly toxic to fish. The root hark from 
Australia has been reported to contain karanjin 
(0.08‘J.,) and pongapin (n.08%), and smaller amounts 
of two linear furanoflavones, pinnatin (m.p. 177 - 79 °) 
and gamaiin (m.p. 233-34®), which are isomeric with 
karanjin and pongapin respectively : tlie stem hark 
contains only waxes (Rangaswami cl r//., Rroc\ 
Indian Acad, Sci., 1942, 16A, 319 ; Rajagopalan et al,^ 
ibid.. 1946, 23A, 60; Rangaswami, Cnrr, Sci., 1946, 
15, 127 : Mittal & Seshadri, J, clicin. .Voc., 1956, 2176 ; 
Row, /1//.S7. /. sci. Res., 1952, 5 A, 754 : Pavanaram & 
Row, Nature, Lond., 1955, 176, 1177 : Anst. ], Chew., 
1956, 9, 132 ; Khanna Sesliadri, (atrr. Scl., 1964, 
33, 644). 

Slew hark- -Vhv stem hark is fibrous and is used 
for cordage. 'Phe fresh hark has a feebly sweetish and 
mucilaginous taste at first, hut soon becomes hitter 
combined with a .sort of pungency. It is said to be 
given internally in bleeding piles. A decoction of the 
hark is used for heri-heri. In Bihar, the crushed hark 
is said to he given to buffalo calves to reduce their 
milk consumption. Alcoholic and atpieous extracts of 
the fresh hark are reported to exhibit marked anti- 
bacterial activity against Micrococcus l)yo^cncs var. 
aureus. 'J’he hark shows positive tests for the pre.sence 
of alkaloids and a triterpenoid saponin (Burkill, FT, 
1788- 89 ; Pharmacogno.sy of Ayurvedic Drugs, Ser. I, 
No. 4, i960. 15 ; Bre.ssers, 47 ; Kurup, /. sci. industr. 
Res., 1956, 15C# 153 ; Webb, Bull. .sci. industr. Res. 
Org. Aust., No. 241, 1949, 3 * « Whiles ct ah, ibid.. 
No. 281, 1959, 10). 

Flozvcrs The dried flowers are used in decoction 
to quench thir.st in diabetes. They also furnish good 
manure for pot plants and arc said to be used in a 


well decom|)osed state for forcing chrysanthemum 
and other plants which reiiuire heavy feeding. They 
are a .source of pollen for the honey-bee (Nadkarni. 
I, i(x)4; Gopalaswamiengar, 251 : Laiif ct ah, Pakisl. 
/. sci. Res., 1958, 10, 67). 

I’bc flowers contain an aliphatic waxy matter, free 
kaempferol, pongamin (G,-.IT,20., m.p. 212°), y-sito- 
sterol gliico.side, quercetin, neoglabrin (a complex 
amino acid resembling glahrin), and glabrosaponin 
(^';..J Ihi 0.2.,) (Rama Muni & Seshadri, /Voc. Indian 
Acad. Sci., 1944, 20A, 279 : Pankajamani & Seshadri, 
/. sci. industr. Res,, 1955, 14B, 93). 

Ponies — sec Livestock, Supplement to With Inilia — 

Raw Materials, VI 

Poon — sea Calophyllum 
Popinac, White — see Lcucaena 
Poplar — .sec Populus 
Poplar, Yellow — see Liriodendron 
Poppy — see Papaver \/ 

Poppy, Californian — sec Eschscholzia 
Poppy, Mexican, Prickly — sec Argemone 
Poppy, Mexican Tulip — see Hunnemannia 

POPULUS Linn. (Salicaccac) 

A genus of rlecitluous, dioecious trees, commonly 
known as Poplars, Aspens and Cottonwoods, di.stri- 
btited chiefly in the North temperate /.one, some 
.species occurring in the sub-tropical regions. About 
10 species occur wild in India. 

Taxonomically, Populus is a bewildering genus. 
Several opinions exist regarding tin- limits and names 
of the species, as cross-fertilization occurs freely and 
several natural hybrids of ancient origin are known 
and new hybrids are being produced. There are three 
main groups: (i) White Poplars, having stnooth white 
or grey bark : (ii) Black Poplars, pos-sessing bark that 
soon becomes dark and fi.ssured ; and (iit) Balsam 
Poplars, which exude aromatic resins (Bailey, 1947 . 
Ill, 2753 : Streets, 618). 

P. alba Linn. Wiirn-: Poplar 

D.E.P.. VI(i). 325: FI. Br. Ind., V, 638 ; Kirt. & 
Ba.su, PI. 919B. 

N. W. Himalayas- jangli-Jrast, chitta 

hagnn ; Ka.siimir -Fr^/s. 

A medium-si/ed to large tree, native of Central 
Europe to Central Asia, found in the North-West 
Ilimalaya.s, at altitudes of 1,200-3,000 m. ; also com- 
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inoiily grown in avenues. In iis native region, the 
lives attain a height up to 30 in. or more, hut in ihc 
Himalayas the trees are much smaller. Bark greyish 
or whitish, rough and furrowed on old trees : leaves 
variable in size and shape, 5 - 10 cm. long, sinuate or 
lohed, white tomentose beneath : Howers small, in 
hairy catkins : capsules c. 6 mm. long : seeds minute, 
hairy. 

The tree thrives best on deep moist soil ; it is some- 
times found on hot and dry slopes with shallow s(nl 
and should he useful for afforestation of such slopes. 
Natural seedlings spring up on newly exposed ground 
or on recent alluvial deposits in the beds of streams. 
Artificial propagation may he done through stem and 
root cuttings or by transplanting suckers. Growth of 
the tree is fast, the annual girth increment being 
2.6-4.0 cm. 'rhe leaves are affected by a rust, 
A f rid m psora rostrupii G. Wagner and a powdery 
mildew, Uncinula salicis Wint. Defoliators and borers 
have also been recorded on the tree |Troup, ITT, 963 ; 
Gamble, 6(;2 : Bagchee & Gjagar Singh, Indian For, 
Rrc., N.S., A/yco/., 1954. I9 2S4 : Chona rl al., Indian 
Phytopath., i960, 13 , 72 : Matluir & Balwant Singh, 
Indian For. Bull., N.S., No. 171(7), 1959, 53]. 

The wood (wt., 449-705 kg./cu.m.) is white, even- 
grained and soft. It is neiilier strong nor durable, 
i)iit is easy to work and suitable for carving. The 
heartwood has a pungent odour due to the presence 
of a yellow gum and repels insects. The odour is not 
very strong in the seasoned wood, which, for this 
reason, is pri/.ed for furniture in .some regions. It is 
suitable for cabinet-work, piano and violin parts, and 
small turnery articles. In Europe, it is used for 
interior construction of rail-road cars, sabots, Jind 
match-veneers. Light pieces of wood may he used for 
spars and ribs of aeroplanes. In Afghanistan, the wood 
is used for making boxes for packing grapes and in 
Italy, for manufacturing newsprint. Analysis of the 
sapwood and heartwood gave the following values, 
respectively (dry basis): moisture, S.3, 9.3: ash, 1.0, 
2.3 : lignin, 29.1, 29.1 : and cellulose, 50.0. 56.0%. The 
wood-wool is suitable for use in the manufacture of 
cooling pads, employed in room coolers (Gamble, 
692 ; Poplars, KAO I'orestry and Forest Product 
Studies, No. 12. 1958, 4(Kt. 480 : Howard, 491 : Uphof, 
292: Bhargava, Indian Pulp Pap., 1951-52. 6, 20: 
Saikia ct al., Rrs. & Ind., 1963, 8, 3). 

The hark possesses tonic, liiu retie and antipyretic 
properties, and is reported to have been used as a 
substitute for quinine in Italy. It is also used in 
strangury and skin diseases. The bark contains mo 


glycosides, viz. salicin (C,;iH,hO-, m.p. 201°) and 
populin (benzoyl salicin, CaJIaaO^, m.p. 180°), a 
yellow colouring matter (erisin), and tannin (5-9%). 
Salicin is a bitter tonic and antiperiodic, and is used 
like quinine in intermittent fever. It is also adminis- 
tered in rheumatism, coryza and neuralgia. Both 
salicin and populin cause elimination of uric acid. 
The leaves contain populin and the buds salicylalde- 
hyde (Kirt. & Basil, III, 2370 ; Hocking, 179 ; Medical 
Dictionary, 1319; Wehmer, I, 204: Mcllroy, 15: 
B.P.C., 1954, 658: Chrrn. Ahslr., 1937. 

Wiesner, Lieferung i, 278). 

P. ciliata Wall, ex Royle Himalayan Poplak 

D.E.P., VI(i). 326: FI. Br. Ind., V. 638 : Kirt. & 
Basil, PI. 920. 

N. W. lIiMALAYA.s - hairnu, tilaunja ; 

Jacnsar — Riaon, piplas, pahari-pipal ; Kcmacn — 
S\an ; Nepal Benoal — Ban^ikat. 

A moderate-sized to large tree, attaining a height 
up to 36 m. and a girth up to 4 m.. with a clean hole 
of about 21 m.. found throughout ilie Himalayas at 
altitudes of 1,200-3,500 m., and also in the Aka hills 
of Assam. Bark dark grey, with longitudinal fissures ; 
leaves 7.5-18.0 cm. long, broad I y-o vale or ovafi- 
lanccolate with serrulale-crenate and ciliate margin ; 
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fungal clisrascs. iiK'luding sicin rol. Bncrluirrllti t'lJusa 
Syd. & Burlcr : kaf rusi. M clam psora cilia la Bartlay ; 
and cankiT. Ncciria ciimahariiia Fr. Many boivrs 
and defoliators cause considerable damage, wbile 
some olber insects produce galls on leaves and 
brandies |'rroup. 111 , 95S 62 : Seth & Desarker, 
Indian For., i960, 86 , 21 : (iambic, 690; Bagcliee & 
Ujagar Singh, Indian For. Rcc., N.S.. M\col., 1954, 
1 , 284 : Matbur Bahvant Singli. Indian For. Bull., 
NS., No. 171(7), 1959, 5.1 : Mani, Ball. hot. Si 4 rv. 
India, 1965, I, 115 1 . 

'rbe sa])\vood is nearly wbile. broad : beartwood 
yellowish wbile when fust exjiosed, turning vellowisb 
grey or brownish grey with age, somewbal lustrous, 
straight-grained, medium line- anil (|uite even- 
textured, moflerately soft and light (sp. gr., c. 0.456 : 
av. \\i., 449 kg./cu.m.). It sea.sons well and (|uickly. 
'rbe timber takes 5-7 days for kiln drying. Initial 
steaming of the charge for about two hours ;ii 55"/ 
100 per cent R.Il. should be carried out to sterilize 
the wood. It is moderately durable under cover and 
in contact with water, bur is liable to insect attack. 
It saws and works easily. The dat.i for the compara- 
tive suitability of the timber, expressed as percentages 
of the same properties of teak, are: wi.. 65 : strength 
as a beam, 50: stillness ;is a beam. 75 : suitability as 
a post. 55 : sboik-resisiing ability. 70 : retention of 
shape, 55 : shear, 55 : and hardness, 50. 'I he wood is 
Mowers small, in calkins : capsules ovoid, 7.5 used for fruit-crates, water troughs, cricket bats, and 
10.0 mm. long : .seeds minute, hairy, turnery. It is also suitable for arlilicial limbs, veneers. 

The tree is reported to be cidlivated in Shillong matcb-boxe.s, and splints. In Ladakh, it is used as fuel 
and is commonly grown as a roadside tree, e.s|KTially ) Pearson Brown, II. kxk;-! i ; Kebman. Indian For. 
in Kashmir. In the western Himalayas, the tree is Bull., N.S., No. 19S. 195C : Limaye. Indian For. Rcc., 
common in mixed broad-leaved oak and coniferous N.S., Timh. Mccli., 1954, 1 , 58, Sheet No. 17I. 
forests. It thrives best in ravines on well-drained and 'Hie wood is .stated to be suitable for making jtaper 
porous soils. Sometimes, it occurs in pure patches on pulp. Analysis of the wood gave the following values 
islands in rbe beds of streams. It withstands drought (dry ba.sis): ash. 1.24 : cellulose, 62.76 ; lignin. 25.51 ; 
well and can grow on dry bill-sides: the tree may. and pentosans, 17.80','... Digestion of the wood by the 
therefore, be planted for tlie alforeslation of iin.stable sulphate process (total chemicals, 22.24".. • digestion 
slopes. It is a light demander. Natural regeneration temp., 155 70"^* : digestion period, 6 hr.) gave bleached 
takes place freely through seeds during the early pulp in a yield of 50-52 per cent. 'I'be pulp bad salis- 
rains, the .seedlings springing up all over the expo.sed factory .strength properties for use in the manufacture 
ground. Natural regeneration through suckers is also of writing and |)rinting papers. 'Hic pulp is sbort- 
very common. Artilicial propagation may be done fibred (av. length 1.14 mm., diam. 0.024 itnd 

through stem cuttings or root suckers : one-year old recpiires admixture with long-librefi pulp, such as 
rooted cuttings give the best results. Owing to the bamboo pulp ((iuba ^ Matbur, Indian Fnip Rap., 
minute size of the sced.s, rai.sing of nursery plants 1959-60, 14 , 175; Oiiha cl a!., ibid., 1966-67. 21 , 279). 
reipiires cotisiderable care. The tree pollards vigor- 'Hie bark is used as a tonic, siimulant and blood 
ously, but its coppicing power is generally poor. It has purifier. The leaves are used as fodder for goals 
a fairly fast rate of growth with an annual girth (Singh, Indian For., 1950, 76,526: Kin. & Basil, III, 
increment of i. 8-2.5 affected by several 2368). 
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P. euphratica Olivier Indian Poplar 

D.E.P., VI(i), 326 ; FI. Br. Ind.. V, 638 ; Kirt. & 
Basil, PI. 92 ft 

Punjab & N. W. Himalayas — Hahrm^ hlian ; 
Ladakh — Hotting, liodnng, 

A medium-sized tree, v, 15 m. in height and 2.5 m. 
in girth, found in the Punjah plains on the hanks of 
the Sutlej and along its feeders in the western 
i limalayas, ascending to an altitude of c, 4,000 m. in 
Ladakh and western Tibet. Bark thick, rough ; leaves 
very variable, linear-oblong to ovate-rhomboid, entire 
or lobulate, 7.5-15.0 cm. long; flowers small, in 
catkins; capsules ovoid-lanceolate, 7-12 mm. long; 
seeds minute, hairy. 

The tree is typically gregarious, occurring pure or 
associated with other species. It reaches in elevation 
to the upper limits of tree growth, and is found 
even in the hottest parts in the plains, where it 
thrives under the mitigating influence of river 
inundations. It is a light demandcr and is frost hardy. 
Natural reproduction is through root suckers or 
seeds ; the seedlings spring up on fresh alluvial soil 
after the floods recede. Artificial propagation through 
seeds or cuttings has not been very successful. The 
tree coppices well and stands pollarding for a long 
time. It is well adapted for treatment under coppice 
or coppice- with-standards, reproduction being obtain- 
ed from root suckers and coppice shoots. The rate of 
growth of the tree is fast, the annual girth increment 
being 4.0-5.3 cm. The tree is attacked liy a number 
of defoliators, borers and gall-forming pests |Troup, 
III, 963-65; Gamble, 691 ; Seth & Desarker, Indian 
For., i960, 8(1, 21 ; Streets, 627 ; Mathur & Balwant 
Singh, Indian For. Bull, N.S., No. 171(7), >959» 54l- 

The sapwood is white and broad ; hcartwood is 
reddish, often almost black at the centre, straight- 
to irregularly interlocked-grained, medium fine- hut 
somewliat uneven-textured, moderately hard and 
light (wt., 481 kg./cu.m.). It seasons well without 
difficulty. The timl>cr takes 5 -7 days for kiln drying. 
Initial steaming of the charge for about two hours 

55°/<«> F** cent R.H. should be carried out to 
sterilize the wocxl. It is fairly durable under cover 
and in contact with water, l)ut is liable to insect 
attack, especially in the green slate. The wood is 
easy to .saw and works to a good fini.sh. It is a ginxl 
turnery wood and can be peeled off on a rotary cutter. 
The wood is u.sed for planking, well-curbs, lacquer- 
work, turnery, match-boxes, and splints. It is suitable 
for plywood, cricket bats, shoe heels, and bobbins. It 
is used as fuel; calorific value; sapwood— 5,019 cal., 


9,035 B.t.u. ; hcartwood— 5,008 cal., 9,016 B.t.ii. 
(Poarson & Brown, IT, 1007-09 ; Rehman, Indian For. 
Bull., NS., No. 198, 1956 ; Krishna & Ramaswami, 
ibid., No. 79, 1932, 21 ; Trotter, 1944, 198-99, 225). 

The leaves afford a good fodder for sheep, goats 
and camels. The twigs arc chewed and used for 
cleaning teeth in Punjab. The bark is reported to be 
a vermifuge (Kirt. & Basil, HI, 2369). 

P. laurifolia Ixdeb. syn. P. halsamifera Hook. f. non 
Linn. 

D.E.P., VI(i), 325 ; FI. Br. Ind., V, 638. 

N. W. Himalayas — Phalsh, pakli. 

A large balsamiferous tree, up to 21 m. in height, 
remarkable for its handsome ovate leaves, found 
both wild and cultivated in the inner dry ranges of 
the North-West Himalayas at altitudes of 2,400- 
4,000 m. 

This species has long been confused with 
P. halsamifera linn., a tree of North America and 
Siberia ; the latter is a source of the Poplar Buds, 
useil in medicine and cottonwood timber. The 
identity and nomenclature of the Linnean species Is 
much disputed (Streets, 630 ; Record & Hess, 485 ; 
U.S.D., 1955, 

The tree exudes a balsamic juice when freshly cut 
between the bark and the wood. The wood (wt., 
5*3 kg./cu.m.) is used much as fuel and the branches 
arc lopped for cattle fixlder. 

P, nigra Linn. var. italica Koehne syn. P. italica 
Moench. ; P. nigra var. pyramidalis Spach 
Lombardy Poplar 

D.E.P., VI(i), 327 ; FI. Br. Ind., V, 638 ; Kin. & 
Basil, PI. 919A. 

N. W. Himalayas —Frast, farsh, sufeda. 

A large tree, up to 30 m. in height and 3 m. in 
girth, with a narrow pyramidal crown and viscid 
buds, cultivated in the North-West Himalayas ai 
altitudes of 900-3,700 m. ; also planted in avenues, 
especially in Kashmir. Bark grey, rough, deeply 
furrowed in old trees ; leaves ovate-rhomboid, 
5-10 cm. long ; flowers in catkins, up to 10 cm. long. 
For economic purposes, the variety italica is not 
much differentiated from P. nigra Linn. (Black 
Poplar), a large tree distributed in Europe, North 
Africa and western Asia. 

Loml)ardy poplar grows on comparatively dry 
ground and is useful for afforesting unstable slopes. 
It rarely flowers in India and is raised from stem or 
root cuttings, and also from root suckers, which are 
produced mostly after the tree is cut down. It pollards 
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well, and has a fast rate of growth. The tree is attacked 
by desert locust and a gall-forming insect [Troup, III, 
962 ; Mathur & Balwant Singh, Indian For. Bull., 
NS., Ho. 171(7). i 959 » 55 ]‘ 

The wood is brownish, even-grained, soft and 
light (wt.. 417-560 kg./cu.m.). It is said to harden 
with age to such a degree that it can be nailed only 
with great difficulty. It is reported to be suitable for 
second quality match-splints. In Afghanistan, the 
wood is used like the wood of P. alba, for making 
small boxes for packing grapes. It is said to be used 
in some countries for poles, truck and barrow-trays, 
coaches, furniture, and cross-beams, and also as farm 
timber and fuel. Activated carbon of good quality is 
obtained from the sawdust (Gamble, 692 ; Trotter. 
1944. 214 ; Poplars, FAO Forestry and Forest Product 
Studies. No. 12, 1958, 461 ; For. Abstr., 1950-51, ll, 
506). 

The shoots arc lopped tor fodder. An ointment 
prepared from the leaf buds is reported to be used 
for haemorrhoids. The balsam from the buds is used 
as a remedy for colds. 

The leaf buds of P. nigra contain salicin, populin. 
an essential oil (0.5%), and 0.25 per cent of a yellow 
colouring matter, chrysin (CiaHjoO^, m.p. 275®). The 
essential oil is yellow to light brown in colour and 
has an agreeable aroma, somewhat reminiscent of 
chamomile oil. It has the following physico-chemical 
properties: sp. gr., 0.8906-0.9035 ; , 1.4962-1.4966 ; 

I“ 1 d » 5 acid val., 1.9-11.3; ester val, 7.5- 

13.4 ; and ester val. after acetylation, 18-53. oil 
contains sesquiterpenes, viz. humulene (a-caryophyl- 
lene) and populenc, some alcohols and paraffins. The 
oil has no commercial value. Chrysin is a feeble dye ; 
bright yellow, pale yellow-orange, and chocolate- 
brown shades are produced on wool with this dye, 
using aluminium, chromium and iron respectively as 
mordants. A small amount of a second colouring 
matter, tcctochrysin (chrysin monoethyl ether) is also 
found along with chrysin (Uphof, 293 ; Wehmer, I, 
205; Perkin & Everest, 141; Finnemore. 202; 
Guenther, II, 752). 

The bark extract is considered depurative and is 
used against colds. Tannin is present in the bark 
(5.o-9.7%) and in the leaves (18.7%). Salicin is also 
present in both the bark and the leaves (Kirt. & Basu, 
III. 2367 ; Wehmer, I, 205 ; Wiesner, Lieferung 1, 
277 ; Chem. Abstr., 1938, 32 » 3189). 

Experiments on the introduction of exotic poplars 
into India have been conducted by the Forest 
Research Institute. Dehra Dun since 1958. when 


a number of clones from the U.K. were introduced 
and multiplied. So far over 160 species and hybrids 
and clones have been tried, of which only 68 continue 
to grow ; the results, however, arc inconclusive. In the 
moist localities of Almora and Chakrata hills in 
Uttar Pradesh, the clones of P. yunnanensis Dode and 
P. robusta Schneid. have shown some promise ; and 
in the plains of northern Tcrai. P. deltoides Marsh, 
and some clones of P. casale have given good results. 

The trials indicate that poplars require a sub- 
tropical or temperate climate and sufficient soil- 
moisture with a high water-table. They are strong 
light demanders and do much better under irrigation. 
It has been suggested that Terai region of Uttar 
Pradesh. Bihar and West Bengal, and sub-Himalayan 
tracts of Himachal Pradesh are suitable localities for 
cultivation of poplars (Paper No. LG. 3, 11th All 
India Silvicultural Conference ; Information from the 
Central Silviculturist. Forest Research Institute. 
Dehra Dun). 

P. deltoides Marsh. (Cakoune Poplar), a native of 
North America, yields timber which is almost white, 
light and soft, fairly straight-grained, easy to work 
and peel, taking glue, paint and polish well, and holds 
nails excellently. It is used for match and other 
veneers, plywood boxes and packing cases, pulp and 
wood-wool. In Kashmir, the wood has gained 
importance for the manufacture of boxes for packing 
fruits. P. robusta Schneid. is a Black Poplar hybrid, 
which is said to have originated in France. It is 
normally resistant to bacterial canker and is much 
used in Belgium and Sweden for the manufacture of 
matches. P. yunnanensis Dode (Yunnan Poplar), a 
native of South-West China, is a frost hardy tree 
and may be grown for its attractive foliage, and as 
a parent for hybrids (Streets, 624, 633, 638 ; Sagreiya. 
Indian For., 1^3, 89 , 253). 

PORANA Burm. f. (Convolvulaceae) 

A small genus of woody or herbaceous twiners 
distributed mostly in tropical and sub-tropical Asia, 
and a few in Africa and adjacent islands. Australia 
and America. Seven species occur in India. 

P. paniculate Roxb. Bridal Creeper 

FI. Br. Ind., IV, 222 ; FI. Malesiana. Ser. I, 4(4). 
404, Fig. 10. 

Uttar Pradesh — Belkamu, safed hel; Kumaun — 
Baruni; Mundari — Hundi ba; Assam — Rikamir. 

A large woody twiner found almost throughout 
northern India, particularly in the open scrub and 
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miscellaneous forests of Uttar Pradesh and Bihar, 
and ascending up to 1.350 m. in the hills. Leaves 
ovale, cordate : flowers white, funnel-shaped, in dense 
panicles ; capsules ovoid-glohular. 

The plant is often cultivated in gardens as an 
ornamental for its dense mass of white flowers. It is 
well suited for covering walls and trellises, and can 
he propagated by cuttings or layering. The flowers 
which have a faint hut most agreeahle lavender-like 
fragrance are used in bridal h()ii(|uets and in flower 
vases. In Saharanpiir district, the stems are used for 
making coarse baskets and are said to he preferred 
for this purpose to other plants. The herbaceous parts 
are used for medicinal purposes iti Bihar. The leaves 
contain chlorogenic acid (Gopalaswamiengar, 362 ; 
Firmitiger, .133 ; Rama Rao, 282 : Gupta, 342 ; Bressers, 
too : Wehmer. II. 1014). 

P. racemosa R<»xb. syn. P. walabarica C. B. Clarke : 
P, trunaita Kurz Snow C'rekpek 

D.L.P., VI(i). 327 ; Kl. Br. Ind., IV, 222 : Talbot, 
II. Kig. 4J2. 

Mah.- Hhoivri, g<iri\a, 

A slender, extensive climber found nearly through- 
out Itidia, from Garhwal eastwards in sit])-t topical 
Himalayas up to Bliittan, in Khasi hills and iti the 
western ghats and hills of Deccan and South India. 
Leaves ovale, deeply cordate, rarely pubescent to 
tomentose : flowers white, in dense paniculate 
inflorescences : capsules ovoid, glabrous. 

The plants occurring in Deccan and South India 
were cotisidered to he a distinct species P. ntalabarica 
C. B. Clarke, but recently they have been .shown to 
be only variants of this .species (.Santapau & Patel, 
Prof. Agharkar Commemoration Volume, 1961. 13). 

This species, like the previous one, is often 
cultivated for its dense mass of dazzling flowers borne 
in |)rofusion (Percy- Lancaster, 319). 

The peduncles of the plant are reported to be eaten 
in Deccan in times of scarcity, 

P. volubilis Burm. f. VViii rE Corali.ina 

Kl. Br. Ind., IV, 222 : Kl. Malesiana, Set. I, 4(4), 
402, iMg. 8-9. 

A large woody twiner, indigenous from Burma and 
Indo-China to Malay.sia, often cultivated in gardens 
in India as an ornamental. Leaves ovate, mostly 
broadly routided ; flowers while, fragrant, in dense 
panicles ,* capstiles broad-ovoid to globose ; .seed 
ovoid, purple-brown or black. 

The stem is reported to contain an alkaloid. A 
decoction of the plant is given after child-birth as a 



FIG. 83--PORANA PANICUI-ATA-FLOWERING RRANCii 


pttrifying medicine. The leaves are eaten to remove 
nastv taste from the mouth and ilie juice used as an 
ingredient of a lotiic (Willaman & Schubert. Tech. 
Hull. (J.S. Dep. Agric., No. 123^, 1961, 77; Burkill, 
11, 1800). 

Porcelain — see Clays 
Porcupines — see Rodents 

Pork — see Livestock, supplement to With India — 

Raw Materials, VI 

PORPOISES AND DOLPHINS (Cla.ss Mammalia, 
order Celaeea, suborder Odontneeii) 

D.K.P., VI(^), 303 ; Kl. Br. Ind., Mammalia, 73, 578. 
The order Cetacea includes whales, porpoises and 
flolphins which are found in all oceans ; some species 
also inhabit the larger rivers of South America and 
Asia. The cetaceans live on various types of animals, 
such as fish, crustaceans, pteropods, cuttle-fish, etc., 
some grampuses or killers, as they are called, hunting 
not only seals and dolphins, but also large whales. 
The exi.sting members of the order fall into two 
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suborders, viz. Odontoccti (Toothed-whales) and 
Mysliccti (Whalebone or Baleen-whales). Odotitoccli 
comprises a large variety of forms, such as porpoises, 
dolphins, killer- and sperm-whales. The whalebone 
whales and the larger of the toothed-whales, such as 
Indian Pilot-whale {Globivcphala tuacrorliynca (iray), 
Killer-whale or Grampus |Orci////.s- area (Linn.)| and 
False Killer-whale IPscndorca crassidens (Owen)| will 
he described in a separate article on Whales while 
the rest of the economically important toothed- 
whales are dealt wit It here. 

In the toothed-whales, the teeth are usually present 
in one or both jaws and whalebone is never develojied. 
The nostrils have a cotnmoti opening or hlow-hole 
which is situated asymmetrically, and tlie nasal hones 
are very stnall. Dolphins mainlv differ from porpoises 
iti having a distinct beak which is the prolongation 
of the snout. 

Porpoises and dolphins are lish-like atiuaiic 
mammals, preferring hays, estuaries and coastal areas 
to open seas, a few species occupying inland waters 
also. These a(|uatic cetaceans were, once regarded as 
having some affinity with Carnivora, hut later investi- 
gations have shown that they are more allied to 
ungulates. 

Porpoises and dolphins possess, besides an external 
fish-like form, certain adaptations for an a(|uatic mode 
of life. I’liey inclitde jiaddle-like lore litnhs or flippers 
with fused digits, flattened tail modified into hori- 
zontal flukes and, in many species, the absence of 
hind limbs and the presence of a dorsal fin formed 
of integument of the body. 'I’lie animal swims by 
means of up and down strokes of the powerful tail : 
the flippers, aided by the iin on tile hack, act as 
balancers. Skin is smooth and hairless except for a 
few bristles round the mouth in the young forms. 
The heat of the body is maintained by a thick layer 
of fat or blubber which lies beneath the skin. It also 
liel|)s to keep u|) the huovancy of the animal in water. 
Kyes are small and external ears are absent : ear 
orifice is minute. Gill or gill openings, characteristic 
of fishes, are completely absent : the respiration is by 
lungs. If the animals are kept out of water for a long 
time on land they die of suffocation on account of 
the pressure of the hotly weight on their lungs. Food 
is swallowed entire without mastication. Two teats 
are present in the female, one on either side of the 
genital orifice. Only one, or rarely two, young ones 
are given birth to at a time, each measuring nor less 
than o.y m. in size. The period of gestation is usually 
less than a year. 


Porpoises and dolphins have in their head, jaw and 
hluhher, depot fats which are unitiue in containing 
large amounts of /^ovalcric acid. The oils from head 
and jaw of the Common Porpoise [Phocacua 
phneoena Linn.) contain more of /.sovaleric acid than 
the body oil while the oils from liver and other organs 
do not contain this acid. 

Porpoises and dolphins are economically very 
important. The soft depot fat, obtained from the 
head and jaw of the animals, is used as a hd)ricanr for 
delicate machines and instruments. Most of the forms 
yield meat of good (|uaruy wliich has been considered 
a delicacy (Pycraft, S09-16 ; Regan, S20-23 ; Stern- 
dale, 125-29; Jerdon, 1867, 156 60; Thomson, 954; 
Kncyclopacdia Britannica, V, 169-7^; VII, f;\i ; 

xvni, 245). 

porpoises and dolphins of the following genera are 
represented in Indian waters: Nconicris (Gray) of the 
family Pliocarnidar ; Orcarlla ((iray), 
r/ixnclias (Gray). Tiirsiops (Gervais). Strno (Gray), 
Dclphinus Linn, and Soialia (Gray) of the family 
Drlpliinidar ; and Plalanisla (Wagler) of the family 
Plalanistidar (Kllerman & Morrison-Scott, 719-20, 
729 -3'- 733-3'>. 73«- 74')- 

I-ittle Indian Porpoise, Neonwris phocacnoidcs 
(Cuvier) {Mar.-- Bhtd^a : Tam. Malayan), is the 
black finless porpoise recorded from the tidal rivers 
near Calcutta and inshore waters of the Indian Ocean 
on the Madras and Malabar coasts. It haunts shallow' 
waters in estuaries and backwaters and is not very 
active in habits. This small-sized porpoise is w'ithoiir 
a dorsal fin. a feature which is charac teri.stic of 
other Indian species. About iff teeth are |)resent on 
each ramus of the jaw' : snout is rounded and colour 
of the propoi.se is black throughout. The animal 
measures about 1.3 m. in length and o.ff in. in girth 
and weighs nearly 27.3 kg. It is occasionally caught 
in the fishing nets on the west coast, especially off 
Kerala, and is locally consumed. I'he porpoise hide of 
commerce is obtained from iliis species and it con- 
stitutes an important fishery in a few foreign 
countries. The oil obtained from the soft fat of the 
head and jaw of this porpoise is an excellent instru- 
ineni oil, noted for its sjireading power, and used as 
a lubricant for w'atches and suih other delicate 
mechanisms. Its value lies chiefly in the fact that it 
is free from a tendency either to thicken by oxidation 
or to corrode any metal. It is capable of withstanding 
exposure to very low temperatures without freezing 
or thickening to any great extent. The oil of this 
porpoise may have many of the physico-chemical 
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properties of the oil of common porpoise of North 
Paeilie and North Atlantic Oceans (Sunderland, 
Projrr, Rep. Paeif. Coast Sta., 1932, 14 , 14). 

Irrawaddy Dolphin or I^irger Indian Porpoise, 
Orcaella brevirostris (Owen), occurs in the Bay of 
Bengal and is commonly found in Vishakhapatnam 
harbour, Andhra Pradesh. It is gregarious in its 
habit. It ascends the rivers as far as the tides extend. 
Colour is slaty blue or nearly black above, a little 
paler below. It feeds on lish. 

Indian Broad-beaked Dolphin. iMgenorhynchus 
electra Gray, is a short, dark coloured porpoise with 
a broad beak and stiour. It is recorded frotn the sea 
on the east coast at Vishakhapatnam. Beakless 
Dolphin, L. ohscuras ((»ray), was reported to occur in 
the Indian Ocean near the Palk Straits. 

Bottle-nosed Dolphin, T tirsUips truncatus 
(Montagu), is reported to inhabit the Bay of Bengal. 
A sample of oil obtained from the jaw of the dolphin 
had the following characteristics; d*'”*", 0.9241 ; 

1.4519 : sap. val., 293 : iod. val., 28.3 : R.M. val., 
139 ; acid val., 2.88 ; and vi.scosity, 20.46 cp. ; fatty 
acid composition ; isovaleric, 86.7 ; palmitic, 8.4 ; and 
oleic, 4.9%. The oil contained about 19 per cent of 
higher fatty alcohols in addition to glycerides 
(Thorpe, IX, 36-37 ; Kirk & Othiner, XV, 9-10 ; 
Hilditch, 1956, 67-69, 400: Cbcm. Ahstr., 1930, 24 , 
3666). 

Red Sea Bottle-nosed Dolphin, Tnrsiops aduneus 
(Ehrenberg) syn. Delphinm peniigcr Blyih, D. (Stefw) 
gadaniu Owen (Tkl. Cadamu), occurs on the east 
coast near Vishakhapatnam. It is a stout porpoise 
with a moderately tapering beak ; colour is dark slate 
above, shading into pale grey below. Records of 
occasional catches show that a few more species, viz. 
T. fergusoni Lydekkar and T. dawsoni Lydekkar also 
inhabit the waters off Trivandrum and Vizhingam, 
Kerala State. 

Rough- toothed Dolphin, Steno brvdancnsis (Lc!sson) 
syn. Delphinus frontatus Cuvier, is commonly 
captured from the Bay of Bengal near Nicobar 
Islands. Head is prolonged into a distinct narrow 
snout ; colour is very variable. 

Spot-bellied Dolphin, Delphinus [Slcno?) maculi- 
venter Owen (Tkl. — Suvva), is reported to occur in the 
waters of the east coast near Vishakhapatnam. Colour 
is black above and greyish below with irregular dark 
spots or blotches. 

Common Dolphin, Delphinus delphis Linn. (Tam. 
— Pomigra), is generally found in the warm and 
temperate seas. In India, it is recorded only from the 


coast of Madras ; it is mostly gregarious, moving 
actively in herds by rapidly swinging its tails. It is 
an elegant, slim-bodied dolphin with a long, distinct 
beak and flippers. Colour is variable from black to 
black grey. It feeds chiefly on li.sh. 

Common dolphin is made up of : edible fle.sh, 38.0 ; 
skin and blubber, 16.0: head, lo.o ; bones, 16.5; tail 
and fins, 2.5 ; liver, 2.5 ; intestines, 7.0 ; and other 
viscera, 4.0%. The flesh contains: moisture. 73.0; 
protein, 23.5 ; fat, 1.5 ; and ash, . It is nutritious 
and is usetl as a food in Ceylon and other places 
particularly when fish supply is in shortage. It can 
be used in the preparation of a variety of dishes. The 
cooked meat is dark and resembles beef in texture 
and flavour. The meat can also be made into sun- 
dried salted strips or cured into a standard sweet- 
pickle 'mixture which keeps well for months under 
cold storage. 

The uniLsed portions of the dolphin, such as parts 
of the head, bones, viscera and flesb trimmings can 
be processed into a meal, which like fish meal, may 
be used in animal feeds or for soil fertilization. The 
skin of the dolphin has been tanned to produce two 
kinds of leather of an excellent (piality, one of a 
light biscuit colour and the other black (Lantz & 
Gunasekera, Bull. Dep. Fish,, Ceylon, No. 3). 

Indian Long-nosed Dolphin, Delphinus dussumieri 
Blanford, is reported to occur in the waters along the 
coast off Malabar. 

Plumbeous Dolphin, Sotalia plumhea (Caivier) syn. 
Delphinus plumbeus Cuvier, inhabits the Indian 
Ocean and is recorded from Madras and Malabar 
coasts. Colour is uniforni, plumbeous grey, except at 
the extremity and undersule of the lower jaw where 
it is white. 

Speckled Dolphin, Sotalia lentiginosa (Owen) syn. 
Delphinus [Steno?) Icntiginosus Owen (Tkl. — Bolla 




FIG. 84— DOLPHINS : 1, The Gangvtic Dolphin (Plaianista gnngctica) ; 
2, The Common Dolphin (Delphiniu delphis) (xO.03) 
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gadimi), is reported to oeeiir in the seas at Vishakha- 
patnain, Andhra IVadesh and Alil)agh, near 
Bombay. This animal is imitormly bluish or slate 
coloured, freckled with irregular small spots of brown 
or plumbeous pigmenis (Lydekkar, /. Homba\ nat, 
I list. Soc., 1903-04, 15 , 38, 408 ; 1904-05, 16 , 730). 

Cangetic Dolphin, I'hdauisla gangctica (Leheck) 
{^\ss.-r-Sisinnnr : Hindi Sus, snsu, sous, susa ; 
Bkno. — Susnk, sisliuk ; Assam I film, srlio ; Caciiak 
---Huh), is a fluviatile f»r estuarine species, commonly 
found in the Ganga, Brahmajtuira and Indus rivers 
and their large tributaries. It is most abundant in the 
middle and lower portions of these rivers. Though 
not gregarious, this dolphin moves in small groups 
and is probably migratory in nature since it is not 
found to occur in the Hooghly river near Calcutta 
during March-June whereas it fretpients the river 
from October to March. 

The gangelic dolphin is <|uite blind probably 
because of the muddy water surroundings where it 
dwells. It preys on (ishes and prawns discovering 
ihetn mainly in the mud at the bottom by probing 
with its long, slender and heak-like jaws, which are 
jtrovided witli about 28/29 (eetli on each side. 'JVeth 
undergo changes, being pointed in young and be- 
coming very blunt and broad-rooted as tlie animal 
grows up. Colour of the animal is black throughout 
to match the turbid waters it fre(|uents. It measures 
alxuit 2.5 111. in length : female is considerably larger 
than the male, whicli is also thickly set with a shorter 
tnuzzle. The period of gestation is 8-9 months and 
usually only one young is horn at a time between 
;\pril and July. Young dolphins are sometimes 
caught clinging by the mouth to the base of tlie 
|):i rent’s llijipers. 

'fhe ilesh of lliis species is eaten, especially in 
(iarhwal, where nets or harpoons are iisetl to catch 
them : it is rarely taken by iishernien. 'I'lie oil 
obtained from its fat is used as an embrocation in 
cases of rheumatism. 'I’he illuniination power of the 
oil is reported to he very high. 

Portia Tree — sve Thespesia 

PORTULACA 1 /mil. [Porlulaau'cac) 

A genus of succulent herbs distrihuied in the 
warmer parts of the world. Four s[)ecies are found 
wild in India and two exotics have become natura- 
lized. 

P. oleracea Linn. Common Pi!r.si.;\nk 

1 ).F.P., VI(i), 329: FI. Br. Ind., I, 246. 


Sans. HrihalUmi, louiku, huitnuhi : Hindi — Khursu, 
htmdauiya, kulfa ; Bkno. — Bunihuiyu : Mak. hhui- 
glmll, kurftdi, tuholiglml ; Grj. - A/o/z loui, giml : 
Fki.. Fcddapu\ilikur(i, ganga-pavilikuya ; Lam. 
Karikccrai, paruppukiruw pullikirui ; Kan. Dotnldu- 
gooni soppu : Mai.. — Karicchccra ; Okiya- Ihtruui- 
sug. 

Assam -No// Av/ ; Fi niaii Louak, kundur. 

A succulent, prostrate or erect annual, witli greeti 
or purple stems, up to c. 50 cm. long, found through- 
out India as a weed, ascending up to an altitude of 
1,500 m. in the Himalayas: also culiivaied as a 
vegetable. lA-aves variable, oblong-ovate, spathiilate, 
linear, with a cuneate, sessile base, b 25 mm. long, 
fleshy : Mowers bright yellow, in teriniiiid. sinne- 
times axillary clusters : capsules ovoid : seeils black, 
muriculate. * 

Two varieties are distinguished in this species: 
(/) the common wild variety, var. olrniccu syn. /*. 
olcracca var. svlvestris DC. : and (ii) the cultivated 
variety, var. saliva DC. (Kiichkn Gakdkn Pi ksi.ank). 
'Fhe latter is a more upright one and is considered 
better in (piality and yield. There are several garden 
races grown in Fiirope, of which the Green, the 
(Tolden and the Large-leaved (ioldeii are more import- 
ant I Bailey, 1947, HI. 2766: Cobley. 30^: Challerjee 
& Randhawa, Indian /. llort., 1952, 9(4). 78 1 . 

Purslane is cultivated in the plains from March to 
June and in the hills from the iniddli* of A|)ril to 
the middle of Septendier. It can he grown in a variety 
of soils thriving best on a rich loam. Farmyard 
manure is applied at the rate of c. 40 cart loads per 
hectare during the preparation of the land. 'The seeds 
are mixed with sand and thitily bro.KUast at the rale 
of c. 2-3 kg. per hectare. The crop is irrigated onci* a 
week after primary irrigation, and it is ready for 
harvesting in about bo days from sowing. Repealed 
sowings, once in a fortnight, are desirable for ensur- 
ing a constant supply (Purewal, 79 : (Jollan, 90). 

Purslane has an acid taste and is used as a pot- 
herb : it is also consumed as salad and employed in 
soups. Fleshv stetns are |)ickled : they are also dried 
and preserved for use in limes of scarcity. 'Fhe herb 
can be ii.sed with caution as a fodder for sheep, cattle 
and pigs. In the exj)erimental trials, however, heavy 
ingestion of this plant proved toxic and even fatal to 
the animals due to o.xalic acid poisoning | Singh, 
Indian J, agric, Sci„ 1945, 15 , 297 : Medsger, 144 * 
Shiu-ying Hu, Acta pli\loihcr., Anist., 1955, 2(4), 
15 : Mathams & Sutherland. Qd /. agric, Sci., 1952, 
9 , 317 ; DaIziel, 31]. 
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Analysis ol’ nliblc leaves and stems (51% of herb) 
gave; moisture, yo.5 : protein, 2.4: ether eKtr., o.fi ; 
crude fibre, 1.3: carboliydrates, 2.y ; and mineral 
matter, 2.3Vn itcaltiiim, iii : magnesium, 120: oxalic 
acid, 1,679 : total phosphorus, 45 : phytin phosphoni,s, 

4 ; total iron. i.f.S : ionisable iron, 1.0 : sodium, 67.2 ; 
|)oiassium, 716; copper, 0.19: sulphur, 63; chlorine, 
73: thiamine, o.io: riboflavin, 0.22: nicotinic acid. 
0.7: and vitamin C. 29 mg./ too g. : carotene (as 
vitamin A), 3.S20 LU./ Kk) g. Vitamin C is the 
highest in the green leaves (jf young plants and 
decreases after flowering. A sample from North 
Itidia contained 16 mg./ kk) g. of total carotenoids, 
of which about one-tliird were active in terms of 
/^-caiotene (vitamin A potency. 7.5t)o J.U./ kk) g.). 'Hie 
oxalic acid content is by far in excess and cannot be 
cotnpensated by the fairly high amount of calcium 
present. Purslane is also rich in sodium and potassium 
(Nutritive Value of Indian Foods, 56, 93, t25 ; Chem. 
/ 16 .s 7 /-., 1947, ' Sadana & Ahmed, /. sci, 

hidustr. Res,, 1947, 4?)- 

"Fhe herb is considered to possess refrigerant, 
vulnerary, antiscorbutic, aperient and diuretic 
properties : the diuretic action is probably dtte to the 
j)resence of high percentage of potassium salts. It is 
useful in scurvy and in the diseases of liver, spleen, 
kidney and bladder. It is also prescribed in the treat- 
ment of cardio-vascular diseases, dysuria, haematuria. 
gonorrhoea, dysentery, ,sore nipples and ulcers of the 
mouth. 1'he juice of the plant is .sojiietimes used in 
earache and toothache. In homoeopathy, the herb is 
iisi-d to increase the flow of gastric juice and as a 
blood purifier. A |)aste of the leaves is applied to 
burns, scalds, swellings and erysipelas. The leaves and 
tops are employed in anti-haemorrhagic poultices 
(Kin. Basil, I. 242-43 : Jacobs Cfc Burlage, 172 ; 
Chnu. Ahstr., 1951, 45 , 1S23 ; Quisumbing, 28 2-83 ; 
Hoppe, 729: I'eng ct a!.. Nature, Loud., 1961, 191 , 
iioS; (Ihandraseiia. 14; Dal/iel, 31). 

The .af|ueous and ether extracts of the herb showed 
activity against Cram-negative bacteria. The oral 
administration of the homogenates of P. oleracen 
reduced the blood-sugar level of alloxan-diabclic 
rabhats to norm.'il. A crude protein-free extract gave 
a strong jtressor response when injected intravenously 
into anaesthetized dogs: it was found to contain 
biologically active /-noradrenaline dopamine |4-(2- 
aminoethyl) pyrocatechol], and dopa l3-(34.- 
dihydroxyphenyl) alanine|, besides an unidentified 
catechol. The concentration of /-noradrenaline in the 
fresh plant (2.5 ttig./g. in one .sample) is likely to be 


greater than that extractable from the suprarenal 
glands of the mammals. The herb probably contains 
the bioflavonoid litpiiritin. Macerated herb exhibited 
carbonic anhydra.se activity (Nickell, FjCoh. But., 1959, 
13 , 302 : Biol. Abstr., 1963, 42 , 495 ; b’eng el al,, loc. 
cit. : Chem. Ahstr., 1956, 50 , ; 1962, 56 , 2714; 

Ganju & Puri, Indian J. ined. Res., 1959. 47 , 563). 

The roasted seeds are said to be eaten. They are 
considered diuretic and aniidy.senteric. The seeds are 
also used in applications for hums and scalds. In 
general, their medicinal uses arc similar to those 
mentioned for the herb. The seeds on extraction with 
petroleum ether give a light green oil (17.4%) with 
the following characteristics: sp. giv'*‘ \ 0.S162 ; /i;"' , 
1.47 13; aeiil val.. 15.8: sap. val., 189.9 ; acei. val., 
21.3 : iod. val. (Wijs), 135.3 : R.M. val., 0.8 : Polenske 
val., 1.6: Hehner val., 94.9: and unsapon. matter, 
1.5V... The constituent fatty acids are: palmitic, 
10.9: stearic, 3.7: behenic, 1.3; oleic, 2S.7 : linoleic. 
38.9 : and linolenic. 9.9 ’., : unsaponifiable fraction 
yields /8-.siloslerol (l)alziel, 31: Quisumbing, 284: 
Nadkarni, I, i(X)6 ; llanda et ah, J. sci. industr. Res,, 
1956, 15 B, 726). 

Purslane being rich in minerals, can be used as 
green manure, but owing to its high sodium conieni 
prolonged use is likely to increase the salinity of the 
soil. Further, the plant may become a troublesome 
weed in some places, as it is very [)rolific in setting 
seeds, which retain their viability for over 30 years. 
The besi method of control is to burn the plants when 
in .seed. Application of 0.15 per cent solution of 
ammonium .salt of 2,4-!) at the rate of 565-1,135 litres 
per hectare is reported to control this weed selectively 
in several crops. The herb also appears to be a 
symptomle.ss carrier of a pathogen, a Rhizoetonia sp. 
|Patil & i^indya, Indian J, /Igro;/., 1963. 8(1), 378 
Patil, Poona a^rie. Coll, Ma^., 1960-61, 51(3 & 4), 32 
Mtidaliar &: Rao, 91-93 : Chem, Ahstr,, 1947. -* 9 ^ 

MeCru-xV-lIill Yearh, Sci, & TeehnoL, 1962, 41 ij. 

P. quadrifida Linn. 

1 XK.P., VI(i), 330: FI. Br. Ind., I, 247 : Kirt. & 
Basil, PI. 96 A. 

Sans. lAi^hulonika, uppad\ki ; Hindi Chounlayi, 
ehotalunia, loniya, khate chazeal ; Bkm;. — Nuniya, 
cliota luniya ; Mak. Katheehanval, ranghol ; Gi’j. - 
Luni, jhiniluni ; Tva.,— Pay ala kura, pavili, ^oddu- 
pavili kura ; Tam. — Chinnaparpukkirai ; Kan. —Goon/ 
.soppu, hali dajjili, halihaehcheli ; Mai.. — Neelakeera. 

A small diffused, succulent annual found through- 
out the warmer parts of India. Leaves elliptic, ovate 
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or ovatc-lanccolalc. 3-6 mm. lonj^ : llowcrs yt‘llow, 
solitary terminal ; capsules conical ; seeds minutely 
tubercled. 

The herb is a troublesome weed : small bits of 
plants strike roots, and (lowers left on such bits 
|)roduce viable seed. The best method of control is 
to burn the weed (Ran & Ramanjaneyulii, Madras 
airric. /., 1953, 44 , 50 : Mudaliar & Rao, 94-95). 

The herb is used as a vegetable in the same way as 
P. oirracra, but it is not very wholesome : excessive 
use may cause stupefaction. Its medicinal uses are 
more or less similar to those of P. (deracca. It is said 
to be useful in asthma, cough, urinary di.scharges, 
inflammations and ulcers. A poultice of the herb is 
applied in abdominal complaints, erysipelas and 
haemorrhoids (Rama Rao, 27 : Kirt. & Basil, I, 244- 
45 : Burkill, 11 . 1S02). 

P. ^randijlnra Hook. (Rosk Moss), a native of Soutli 
Ameiica, is a succuleiii, prosirale or ascending, 
pretty annual, with sun-blooming llowcrs of various 
colours, rose, red, white, yellow and variegated. It is 
very common in the Indian gardens and has run 
wild at some places. Double (lowered varieties are 
very attractive. 'Hie plant needs ftdl sun. It is .suitable 
for edging large plants in tubs and vases and 
rockeries and for growing on small hoiindary walls, 
where it hangs decoratively. It may be raised by 
cuttings or from seed, riie (lowers are fret|ucnted 
by bees. Extract of the herb is reported to completely 
inhibit tiu* activity of water-melon mosaic virus on 
Cucarhita pepo var. cascria (Gopalaswamiengar, 456 : 
k'irminger, (nz : Bruggeman, 51 : Bhargava & Singh, 
(Uirr. Sci., 19^5, 34 , 3^1). 

P. pihsa l inn., a native of tropical America, 
is a herh with lleshy linear leaves and |)ink or red 
(lowers, introduced into the Tndian gardens and also 
met with as an escape. It is a ii.sefiil edging plant. The 
herh is .said to he a febrifuge, anti.septic. diuretic and 
aperient. It is useil in |)oultices for the tre.itment of 
hoils in the groin (Mayuranathan, 33 : Williams & 
Williams, 262 : Dymock, Warden & Hooper, I, 159 ; 
Jacobs & Burlage, 172 ; Burkill & IlanilT, Cdns* Bull., 
1929-30,6,172). 

P. luhcrnsa Roxb. (Bk\'(;. — Lauiya ; Mak. /tz/zg// 
^ajar ; 'Fei.. Bodda kura) is a .spreatling, perennial 
herb, with thick fusiform roots, linear-oblong, 
succulent leaves and yellow (lowers, commonly met 
with in the Deccan Peninsula, especially near the sea 
coast. It is eaten as a pot-herb and is considered 
superior to P. oleracca in .some places. The leaves arc 
used as an external application in erysipelas and an 


infusion of the herh is pre.scrihed in dysuria (Kirt. 
& Basil, II, 246). 

PORTULACARIA Jacq. (Porlulacacrar) 

C’hittenden, III. 16^7. 

A small genus of shruhs or small trees dislrihiited 
in southern Africa. P. afra is reported to he grown in 
Indian gardens for ornament. 

P. afra |aci|. (Speckboo.m. Eleimiani’s Food) is a 
shrub or small tree, 4-5 m. high, with obovate- 
roundish, fleshy leaves and small, pink llowers. It is 
propagated hy cuttings and is considered suitable as 
a hetlge or border plant (iMrmingcr, 613 ; Read. 
Indian Fmg, 1940, 1 , 117). 

In South Afrie.a, it is valued as a bee-plant .'ind :is 
stock feed. 'The hay pre|iared from its leavi-s gave 
(on dry ba.sis): crude protein. S.5 : ether extr.. 3.S : 
crude (ibre, 20.9: N-free extr.. 57.0: and total ash, 
9.8“,, (Read, loc. cit. : Neal, 295 : ft Puhl. imp. a<^ric. 
Bur.. No. 10. 1947. 

POTAMOGETON 1 .inn. (Palamnirrttmarrar) 

D.E.P., VI(i). 331; FI. Br. ‘ Ind., VI, 565 : 
Subramanyam, 93. 

A large genus of atpiatic herbs distril)uted in the 
temperate and tropical regions of the world. About 
15 species are recorded in India. 

Tbe plants of the genus are slender herbs with 
creeping rootstock.s. (bund nearly throughout India, 
inhabiting freshwater tanks, pools, ponds and canals, 
often growing gregariously, "i'hev bear submerged or 
floating leaves and minute flowers in axillary spikes. 
I'he fruits are small and indehiscent. 

'fhe plants are of little economic value : they sirve 
at the most as food for .some wild water-fowls and 
ducks and as shelter and shade for lishes. Often they 
support growth of algae and small animals which 
indirectly provide (bod for game li.shes. Sometimes 
they are said to help in sofu ning water by removing 
lime and carbon dioxide (Fa.ssett, 34S-49, 357-5S). 

P. crispus Linn., P. luerns Linn, and P. fiatans 
Linn, are .said to be gathered ami used as fodder in 
Kashmir and Ladakh. The rootstocks of P. pretinatus 
Linn., P. f^raniinrus Linn, and P. filifortnis IVrs. are 
said to contain starch. /\n analysis of the plants of 
P. pcclinatus Linn, and P. pcrfaliatus Linn, showed 
the following composition respectively (dry basis); 
crude protein, 7.6-15.2, 6.6-13.5 ’ *>.6-1.9, *>.6- 1.3 : 

N-free extr., 45.5-52.0. 45.5-59.2 : cellulose, 19. 1-23.7, 
13.8-15.9: and mineral matter, 16.2-18.3, 12.3-31.5“,,. 
They also contain 10.5 and 11.3 mg./ too g. of 
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rarotriu' rcspcciivcly (Stewart, 241-42 ; Fassett, 357- 
5S : Chnu. Ahstr,, 1961, 55 , 11689). 

'J’hc loaves of two species, P. natans and P. crisptis, 
are re|)orred to contain a pigment rhodoxanthin. ^Fhe 
plants of P, natans are said to he useful in homo- 
eopathy (Karrer, 739; Hoppe, 730). 

Potato — see Solanum 


Potato, Air or Karen — see Dioscorea 
Potato, Country — srr Coleus 
Potato, Sweet — sec Ipomoea 
Potato Yam — sec Dioscorea 

POTENTILLA 1 anil. {Rosaccac) 

A large genus of herhs or rarely shruhs distrihuted 
chiefly in tlie North temperate zone. Nearly 50 species 
occur wild in India, and some exotics have been 
introduced into the gardens. 

Potentillas, commonly known as Cinquefoils, are 
suitahle for horders and rock gardens. They thrive in 
heavy soils. Propagation is done through seed, 
cuttings, or division of rootstocks. Potentillas arc 
easily hybridized and line strains of double blooms 
have been obtained (Bailey, 1947. ^ 77 ^ » 

Chittenden, III, 1655). 

P. anserina I aim. Silvkkwkfji 
FI. Br. Ind., II, ; Kirt. & Basil, II, 97 v, Stella 
Ross-Caaig, pt V 11 I( 0 , I'l. 35. 

A rather slender, perennial herb, up to 30 cm. high, 
distributed in the western Himalayas at altitudes of 
2,100-^,800 m. Rootstocks very short, slender; leaves 
|)innate : stolons up to 30 cm. long arise from the 
leaf axils; leaHets 12-2^, linear-oblong to narrowly- 
lanceolate ; flowers large, solitary, golden yellow ; 
achenes numerous, smooth. 

The herb is considered to possess astringent, 
spasmolytic, tonic and vulnerary properties. It is 
prescribed in the form of a lea, or in wine, in 
diarrhoea, leucorrhoea, kidney stones, arthritis and 
cramps. An infusion of the herb is used to stop 
excessive and painful flow of menses and also for 
intestinal troubles. The rootstocks are eaten in times 
of scarcity (Hoppe, 730; Wren, 279; Uphof, 294; 
('hem. Abstr., 1940, 34 , 7010 ; Steinmetz, I, 47). 

'riie herb contains tannins (2-10%), quercitrin, 
(jiiercetin, lormentol (a triterpene ester), an essential 
oil (0.28';,,), and vitamin K (198 p.p.m, in green parts, 
on dry basis). The tannins arc of pyrogallol and 
pyrocatechol nature, the maximum amounts occur- 


ring in the rootstocks (up to 17.5V". <li*y basis). 
The pre.sence of a spasmolytic principle, a muscle con- 
tracting principle and a heat activating substance is 
reported ; the first one is probably a glycoside or a 
mixture of glycosides. The spasmolytic and muscle 
contracting principles are found in such low i|iiantities 
that the utilization of the herb for these jiurposes is, 
perhaps, not possible (Hoppe, 730; C/icni, Ahstr,, 
1961. 55, 11764 : 1943. 37 , 499 ; 1954, 48 , 3434 ; 1949, 
43 , 9383; 1964, 60 , 9594 ; 1955. 49 , 6481 ; Chopra, 
Nayar & Chopra, 202). 

P. fruticosa Linn. 

n.E.P., VI(i), 332 ; FI. Br. Ind., TI, 347 ; Blatter, 
I, PI. 21, Fig. 8. 

Punjab— Aferh/o, span^r jha ; Ladakh Penma, 
pinjnng ; Lahul -Spang-cha. 

A much-branched, silky, robust shrub, up to 1.3 m. 
high, found in the Himalayas from Kashmir to 
Sikkim at altitudes of 2,4(x>-4.8oo m. Leaves pinnate, 



FIG. 85-POTENTILLA FRUTICOSA-FLOWERING BRANCH 
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crowded: leaflets 3-7, elliptic, oblong-lanceolate or 
linear-lanceolate ; flowers briglii yellow, solitary or in 
terminal, few-flowered cymes ; achenes numerous, 
minute, with lung hairs. 

'riiis species is very variable and includes several 
varieties : some of the varieties ascend up to 5,250 m. 
It has been found that the North American plants 
of this species are di|)loid, while the Kuropean and, 
possibly, the Asiatic ones are letraploid (Bowden. 
/. Arnold Arbor., 1957, 38, 381). 

I'he shnih is astringent and antispasmodic. Its 
medicinal uses are more or less similar to those of 
P. anserina. Thv dried leaves are used as a substitute 
for tea (Kirt. & Basil, 11 . 974: Hocking, 180). 

The shrub is re|)orte(l to be browsed by sheep and 
cattle. Analysis of the vegetative parts (from Canada) 
gave: dry matter, 92.2; protein, 13.0; fat, 3.5; 
crude fibre, 19.2 : mineral matter, 4.7 : calcium, 0.73 ; 
and phosphorus, 0.18V0 : carotene, 3.74 mg./ too g. 
The leaves contain ursolic acid (0.7 V«) and another 
triterpene (m.p. above 295®). the total triterpenc 
content lieing 2 per cent (Johnston Ik Bezeau, Cnnad. 
/. IH, Sci.f 1962, 42, 105; Clicm. Abslr,, 1955, 49, 
" 959 )- 

P. reptans Linn. 

D.K.P., Vr(i), 332: Kl. Br. Itul., 11 , 356; Stella 
Ross-Craig, pi Vlll(i), PI. 34. 

A perennial herb, up to 15 cm. high, with 
procumbent rooting stems, up to 90 cm. long, arising 
from a rosette of leaves. It is found in Kashmir. 
Rootstocks woodv : leaves digitately compound: 
leaflets usually 5. obovate or oblaiiceolale, 2.5- 
5.0 cm. long : flowers usuallv solitary, axillary, golden 
yellow : achenes many, smooth, dark brown. 

The herl) is considered to possess astringent, 
febrifugal and baemostaiic |)ropertics. An infusion of 
it is given in diarrhoea : it is also used externally 
as an astringent lotion. The rootstock possesses anti- 
diarrhoeic. and depurative properties. The fruits are 
edible (Kirt. Basu, II, 975: Wren, 123: Clinti, 
Abslr., 1950, 44, 2707: Natlkarni, I, 1008: Parsa, 
Qiutlit. Plant. Mat. Peg., i960, 7, 99). 

The herb contains in all its parts tannins (8.82”n). 
cllagic acid, flavone. mucilage, gum, pyroxydase and 
citric, oxalic, tartaric and volatile acids. The presence 
of a saponin and (|uercetin-3,7-diglucuronide is 
indicated in the leaves. The tannin in the rootstocks 
is stated to be similar to that of American Rhatany 
{Krameria triandra) root. The rootstocks also contain 
tormcntol {Chew. Abstr., 1950, 44, 2707 ; Materiae 


Rtides Plantarum, Vlf, 43: llarhorne, Ph\lo- 
chemistry, 1965, 4, 107). 

P. argyroph\lla Wall, ex Lehm. (U. P. — Kamlua) 
is a perennial, tomentose herb, 30-60 cm. high, 
with digitately compound leaves and yellow' flowers, 
commonly found in the Himalayas from Kashmir to 
Sikkim, at altitudes of 2.400-4.800 m. The plant is 
grown for ornament. It is reported to he highly 
palatable and sheep graze on it. Analysis of two 
samples (on dry matter basis) from Biigiyal pastures 
in Uttar Pradesh gave: crude protein, 1 i.i, 15.3 : ash, 
6.2, 12.3 : calcium, 1.7, i.i : |)hosphorus, 0.4, 0.3 : anil 
magnesium, 0.5, o.8‘;,,, respectively (Bailey, 19^7, III, 
2774 : joshi, Indian vet. J., 1966. 43, 1019). 

P. fraf^arioides Linn, (including /^ lesehenauttiana 
Ser.) is a robust, perennial herb, up to 30 cm. high, 
with pinnate leaves and vellow or white flowers in 
terminal corymbs, distributed in the Himalayas from 
Kashmir to Bhutan, and in the Nilgiris, at altitudes 
of 1,200-4,200 m. An infusion of the leaves is reported 
to possess astringent properties. 'Hie rootstocks of the 
plants from the Nilgiris contain 7.4 jier cent of tannin 
(Kirt, & Basu, II, 976 ; Hooper, /Igr/c. Ledger, No. i, 
1902. 31). 

The herb is reported to be highly palatable and on 
analysis gave (on dry matter basis): (rude protein, 
12.9: ash. 11.7: calcitim, 0.9: phosphorus, 0.2; :md 
magnesium, o.6'\, (joshi, Indian vet. J., 1966. 43, 
1019). 

P. ful[!^ens Hook. (Hk.m;. Phnitara : Kiiasi - 
Lyn^iangbru) is an erect, perennial herb, 15 75 cm. 
higb, wirli a thick rootstock, pinnate leaves and 
yellow' or orange-yellow flowers, distributed in ibe 
temper.'ite Himalayas from Himacbal Pradesh to 
Sikkim and in the hills of A.ssam at altitudes ol 1.200 
4,350 m. The rootstocks are re|)orted to be used in 
diarrboea (Biswas, 51). 

P. mooniana Wight (Kiia.si Lyn^niaiijr-niasi) is a 
prostrate or erect herb with yellow flowers, distributed 
in the temperate Himalayas from Kuniaun to Sikkim 
and in ibe Kbasi hills, at altitudes of i .2 (h)-3,6(m) 111. 
"^rhe rootstocks are chew'cd with betel leaves (1*'!. 
Assam, If, 204). 

P. nelyalensis Hook, is a bairy, perennial berb. 30- 
90 cm. bigh, w'ith a w'oody rootstock, digitately com- 
pound leaves and dark crim.son, purple or bright 
rose-red flowers, distributed in the Himalayas from 
Kashmir to Kumaun, at altitudes of 1,500-3,750 m. 
The herb has long been cultivated in gardens and 
much byjiridized. 'Phe rootstocks are considered 
depurative ; their ash is mixed with oil and applied 
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to burns. Though cm ployed lo imparl a red colour 
to wool and wood, they are not the source of true 
Rataujnl (Govern ry, Ser. II. 3S ; Hoppe, 731 ; Bole, 
/. st’i. indiislr. Res., 1961, 20 C, 188). 

R. salesnviaua Steph. (Ladakh— 5 /i our) is a 
perennial, silky herb, 30-90 cm. high, with pinnarc 
leaves and lilac or white flowers, found in I..:diul and 
Kaslimir, at altitudes of 2,4 (m>-4,2(k> m. The line dust 
on the underside of the leaves causes violent sneezing. 
The lieri) is reported to he browsed by sheep. 

P. sericea Linn, is a polymorphic, perennial herb 
with yellow flowers, found in the western Himalayas 
from Kashmir to Kumaiin and in Sikkim, at altitudes 
of 2,7oo-5,fxio m., getting smaller in size at higher 
elevations. It is re|)orted lo pos.sess astringent 
properties (Kirt. & Basil, fl, 976). 

P. sibhaldii Hallier. {.--Sibhaldia procimibens Linn, 
is a perennial herb, up to 30 cm. high, with digitately 
compound leaves and pale yellow flowers, found in 
the Himalayas from Kashmir to Sikkim at altitudes 
of 4,8 (k) m. The herb is grazed by sheep. An 

analysis of the herb (on dry matter basis) gave: crude 
protein, 9,7: ash, 14.4: calcium, 1.2; phosphorus, 
o.i ; and magnesium, 0.5“,. (Joshi, Indiati vet. /., 1966, 
43 , 1019). 

P. sundaiat Kuntze syn. P. kleiniana Wight & Arn. 
is a diffusely spreading herb with many stems, 
digitately compound leaves and yellow flowers, found 
throughout the temperate Himalayas and in the 
Kha.si and Nilgiri hills, at altitudes of 900-2,700 m. 
The herb is con.sidered astringent and toxic. In 
Tonkin, the fresh leaves are pounded and applied to 
absces.ses (Kirt. & Basu, TI, 97b). 

P. supina iann. (Gvj. Kaniali, kanikar) is a 
prostrate or suh-erect herb, up to 45 cm. high, with 
many stems, pinnate leaves and yellow flowers, found 
throughout the warmer parts of India, ascending to 
an altitude of 2,600 m. The rootstocks are considered 
to possess astringent, febrifugal and tonic properties, 
'fhey contain 7 j)er cent tannin (Rama Rao, 157 ; 
Wiesner, Lieferung i, 278). 

POTHOS I ann. (A raeeae) 

A large genus of climbing shrubs distributed in 
tropics of the Old World. About a dozen species 
occur in India, and about S species have been 
introduced in India and grown in gardens. 

Pothos are showy evergreen climbers much valued 
for their ornamental leaves. They are planted in con- 
servatories and look handsome when allowed to climb 
up pillars, trellises and tree trunks. They root freely 


at the nodes and can be easily propagated from 
cuttings. They should be protected from strong sun 
(Gopalaswamiengar, 362 : Firminger, 298). 

P. scandens Linn. 

FI. Br. Ind., VI, 551. 

'Iam. Anaparuga ; Ka.\. — Adkebiluixdli : Mal. — 
Parisa, paruvakudi. 

A mtich-branched climber found on walls and tree 
trtmks in Bihar. Ori.ssa, North Bengal, Ltishai hills, 
Manipur, in western ghats Konkan southwards, and 
Andaman and Nicobar Islands. Leaves very variable, 
obovate, elliptic or lanceolate : spat he cym biform, 
cuspidate, green : spadix yellow, stipitate, globose, 
ovoid or shortly oblong : berries oblong, scarlet. 

In the Andaman Islands, the tough stems are used 
to make belts and necklaces. The root, hrui.sed and 
fried in oil, is applied to cure abscess. The |)owdered 
leaves are applied to smallpox pustules. An infusion 
of the leaves is used in bath for curing convulsions 
and epilepsy. The stem cut up with camphor is 
smoked like tobacco for asthma (Burkill, 11 , 1804 : 
Rama Rao, 428 : Kirt. & Basti, IV, 2625 : Burkill ^ 
Haniff, Gdns' BidL, 1929-30, 6, 266). 

P. caiheartii Schott (Lakiiimpi k I lath i denkiya) 
is a climber with oblong or ovate-oblong leaves found 
on tree trunks, banks and rocks in tbe tropical 
Himalayas from Kumatm to Bhutan, ascending tip 
to i,2(M) III., and in Bihar, North Bengal. Assam, and 
Khasi, Aka and Ltishai hills and Manipur. 

In Lakhitiipur, the leaves of the plant are fried in 
ghee and eaten to cure pains | Carter & Carter, Rec, 
bot. Sard. India, 1921, 6(9), 360; Kirt. iV Basu, IV, 
2626 1. 

POTTSIA Hook. Arn. (A poe\iiaceae) 

FI. Br. Ind., Ill, 652. 

A small genus of shrubs distributed in the South- 
East Asia from India to Malaya and Java. One species 
occurs in India. 

P. laxiflora Kuntze syn. P. cantonensis Hook. & 
Arn. is a large, evergreen, climbing shrub with 
elliptic-ovate or ovate leaves and pink flowers in 
axillary or terminal panicles, fotmd in Khasi hills up 
to an altittide of i, 2 (m) m. In China, the stems are 
used as cordage, 'rhe plant is reported to contain a 
glucoside the nature of which is yet dotiblftil |F 1 . 
Assam, III, 257 ; Burkill, II, 1804 : Bisset, Ann. Bogor., 
•955 - 57 . 2(3), 193]. 

Poultry — see Livestock, Supplement to With India — 

Raw Materials, VI 
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POURTHIAEA Dcciic. (Rosaccac) 

Kl. Br. Tnd., IT, 382. 

A small genus of shrubs or trees disirihuted in the 
Sino-Japanese region and Burma. One species with 
its six varieties oeeurs in India. Some authors merge 
this genus with Photinid Lindl. 

P, ar^ula Decne. (Khasi — Dicng-snam-dicn^-inu : 
dieng-lyrkhim) is a very variable shrub or small tree, 
with leniicellale hrauches, oblong to lanceolate leaves 
and small, while flowers, found in the suh-Himalayan 
tracts of Sikkim anil North Bengal, and in the Khasi 
hills at allitudes of 750 -2, (xx) m. The wood is reddish 
brown : it seasons well and takes a fine polish. It is 
suitable for cabinet-work when pieces of sufficiently 
large si/e are available (FI. Assam, 11 , 224). 

POUTERIA All hi. ^afiotuccac) 

A large genus of trees and shrubs distributed in 
tropical and subtropical Asia, Africa, America, 
Australia and the southern Pacific Islands. One 
species, P. suavis, is introduced into India and grown 
in gardens. 

P. suavis I lemsf. 

Bailey, 1947, III. 27S1 ; llemsley, Kew Ihdl., 1906. 

A tree, native of Uruguay and reported to he intro- 
duced in I.alhagh Cilarden, IVangalore. Leaves crowded 
at the ends of branches, narrow-oblong to lanceolate, 
coriaceous : flowers very small, in fascicles : fruit 
about the si/.e of an apricot and of the shape of an 
apple, yellow and scarlet when mature ; seed seini- 
ovoid, like a large ha/,el nut. 

A ft‘w |dants are reported to he grown in Lalhagh 
(larden where they are thriving well. The plants are 
propagated easily fn)m seeds and hear fruits pro- 
fusely. The fruits are highly scented and pos.sess a 
thin edible pericarp ; they have an agreeable taste 
and arc easily digestible (Information from the 
Director of Horiieulture in Mysore, BangaUwe ; 
Bailey, 1947. 2781: Krumhiegel, 67; llemsley, 

Kciv Bull.y 1906, 365). 

POUZOLZIA (iaudich. (Urticaccac) 

A genus of herbs and shrubs disirihuted in the 
tropical and suh-tropical regions, chiefly of the Old 
World. About 15 species occur in India. 

P. viminea Wedd. 

D.E.P.. VI(i). 334 : FI. Br. Ind., V, 581. 

AssAxM Misagi-joUaphangy kliojo ; Nkpal — 

Chhota kufiil, cliiplc, kulu ; LvAKiw—Kyingbi. 


A large shrub found in the Himalayas from 
C'hamha eastwards and in the hills of Assam and 
Manipur, ascending to an altitude of 2.iix) m. Bark 
grey, thin, rough; leaves ovate or oblong-lanceolate, 
up to 15 mm. long : flowers small, usually monoeci- 
ous, in dense axillary clusters ; acheiies ovoid, en- 
closed in chaffy perianth. 

The leaves are eaten as a vegetable, and are consi- 
dered to possess stomachic |)roperlies. An infusion of 
the roots is reported to he used for haemorrhage, 'fhe 
hark yields a fibre used for cordage and fisliing nets. 
Wood (wt., 593 kg. /cu.m.) is used as fuel |y. sci. Res. 
Indmicsuiy 1952, 1 (siippl.), 12; Uphof, 294 ; Burkill, 
If. 1804 ; Gamble. 659 : Gu|)ta. 458]. 

P. zeylanica (Linn.) Benn. syn. P. iiidica Gaudich. ; 
P. tuhernsa Wight 

D.F.P., VI(i). 334 : FI. Br. Ind.. V. 58 1-S2. 

Tkl. Eddu. eddu-mutte dtiifipa ,* 'Lam. & Mal. 
Kallurki. 

A very variable, erect or proiiimhent, perennial 
herb, up to 1.8 m. high, found throughout India up 
to an altitude of 2.i(X) m. and often occurring as a 
weed. Leaves ovate-lanceolate, up to 7 cm. long; 
flowers small, greenish, in axillary, androgyiunis 
clu.sters ; achenes broadly ovoid, minute. 

The roots sometimes become tuberous and are 
eaten raw, boiled or roasted. Leaves are occasionally 
eaten as a vegetable : it is believed that the use of this 
vegetable leads to the expulsion of worms. The leaves 
are also used as a vulnerary and as a cicatri/.ant for 
gangrenous ulcers. Juice of the leaves or ibeir decoc- 
tion is given as a galactagogue. A poult ice of the lierb 
is applied to sores and boils, and to relieve stomach- 
ache (Burkill, II, 180^: Brown, III. 182 : Rama Rao, 

P. liirla llassk. — Go//oA 7 cg/r# Ittrla (Bliime) Mi(|. 
(Bk-vi;. Palhura htirjoni ; Lkpciia Clilplr) is a 
sul>ercct or decumbent herb, up to 90 cm. high, with 
oblong- lanceolate leaves and tuberous roots found in 
the Himalayas from Gbamba eastwards to Sikkim 
and in the hills of Assam and Manipur, up to an 
altitude of 2,i(X) m. ; it has also been recorded from 
Bihar .and the Nicobar Islands. The roots are reported 
to he used for the treatment of fractures and disloca- 
tion of hones. They are also employed in the prepara- 
tion of a hair wash (Biswas. 82 ; FI. Assam, IV. 291). 

P. pentandra — Goiiostegia pcnlmidra (Roxb.) 
Miij. (Sadki &r Ohaon — Karchalatti ; Mundaht 
— Snkuripot(i) is a very variable stout herb, up to 
90 cm. high, with oblong-lanceolate leaves found 
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througliout the tropical Himalayas from Kaiigra 
eastwards, ascending to an altitude of c. i,o<x> m. and 
in Khasi and Naga hills in Assam, West Bengal, 
Bihar, Orissa and parts of the Deccan Peninsula. It is 
reported to yield a fibre useful for cordage. The herb 
is crushed in karanja oil. obtained from the seeds of 
Fongamia pinnata, and applied to the body as a 
refrigerant (Bressers, 127). 

P. wiglilii Beiin. (Yi\M, - Tliovaga; Mal. — Farako- 
zhuppa) is a very variable usually tall and robust herb 
found in the Deccan Peninsula. It is sometimes used 
as a substitute for soap (Rama Rao, 389). 


PRANGOS Lindl. (Umhcliifcrac) 

A genus of perennial herbs distributed in the 
Mediterranean region, and western and central Asia. 
One species occurs in India. 

P. pabularia Lindl. 

D.K.P., VI(i), 334; VI Br. Ind., II, Cmjs ; Kirf. & 
Basil, PI. 482A. 

IIl.N'Dl — KoWill. 

Kashmir fctrasalium, 

A tall perennial herb, ioo~2(K) cm. high, found in 
Kashmir and Himachal Pradesh at altitudes of 
i,8(k> 4,(xxj m. Leaves compound, much dissected into 
a number of filiform segments ; flowers yellow, in 
compound umbels: fruits oblong, 6-1 mm. long 
with ridges 3 mm. broad. 

F. pahulariii is held in considerable repute in indi- 
genous medicine for its roots and fruits. 'Lhe plant 
is fairly well distributed in Jammu and Kashmir, 
and in the Basliahr region of Himachal Pradesh. It 
favours well exposed and dry sandy localities. The 
plant flowers during the month of June, and the 
fruits are ready for collection in August-September 
when they are just mature ; ovcr-ri|)e fruits are liable 
to shed. The uinhels are generally cut by hand, 
dried and threshed in the sun for two or three days, 
and the fruits are then packed in coarse cloth bags, 
'rhe roots are usually collected in October-November 
when the aerial portions have dried up. The dried-up 
remains of the stem and leaf bases form a dense hairy 
growth around the upper portions. Older roots which 
show large number of such protruhcrances on the 
upper portion are preferred. The roots take about 
12-15 days to dry in the sun, when ahoiil 70-80 per 
cent of their moisture is removed. The roots when 
mature measure up to 40 cm. They are .sliced into 
small pieces to facilitate early drying. About 20- 
30 tonnes of dry roots can be collected from the 


growing areas annually (Sarin & Kapoor, Pcrftnn, 
essent. Oil Rec., 1963, 54 , 437). 

Tlic roots of P. pahularia have a bitter taste and 
fragrant odour ; they are burnt as incen.se by the local 
people. Tbc roots are considered diuretic, and arc 
used as external application in the treatment of 
itches. An infusion of roots is given for indigestion 
and in irregularity of menses (Sarin & Kapoor, loc. 
cit. ; Kirt. & Basil, II, 1213; Parsa, Qualit. Plant, 
Mat, Keg., i960, 7 , 99). 

On steam distillation, the dried roots from Kaslimir 
gave 0.75 per cent of a light yellow c.sscntial oil, with 
a characteristic odour and having the following 
properties: .sp. gr.-'‘\ 0.8635: \ 12.2°: , 

1.48CX); acid val., 0.34: c.'ster val., 31.7; e.ster val. 
after acetylation, 33.6 ; sol. in 1 1 vol. of 80% alcohol ; 
esters (as geranyl acetate), ii.i; total alcohol (as 
geraniol), 9.5 : free alcohol (as gcraniol), 0.5 ; 
and carhonyl content, >1.5%. The oil contained 
rf-myreene (over 5o';«.), rf/-a-pinene. /^-pinene, cam- 
phene, terpenolene, dihydrocuminylic ester, ostliol. 


FIG. S^PRANGOS PARUl.ARlA — a and c, FLOWERING AND 
FRUITING BRANCHES ; b, ROOTS 
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TABLE 1-COUNARlN COMPOUNDS ISOLATED FROM THE ROOTS 
OF FRANCOS PABULARIA’^ 



Mol. formula 

lll.p. 

IViii'cdaniii 


109" 

Oxy|)cuccclaiiin 


142-43 

1 lydroxY|H‘iimlnnin 


109" 

Pran^ilarin 

f(4*) oxypciufflaiiin] 


104 05’ 

Tmpcralorin 


99 100' 

IVaiigcuiii 

(oxyimperatorin) 


114 15“ 

I'rangin 


174-75" 

I’rangL'iiidin 

(alloiiiipcratorin) 


228 29’ 
(dccomp.] 

Osthol 


83 84 ’ 

Avipriii 

(ox y {H'uc'cda ni n hydra ic) 


135-.36" 

Konialin 

(hcraclenin hydrate) 


128 29* 

Xanthotoxol 

C..H.O. 

245" 


* (aipta ft /i/., Indian J. Chvni., 1064. 2 , 464 ; Client. Ahstr., 
1956. 50 , 15743 ; 1961, 55 , 22281 ; 1962, 57 , 12869 ; Ghoshal et al, 
Chrni, & Ind., 1963, 1430. 


sesquiterpenes and an aziilene (Chaudhary & Ilanda, 
Indian Oil & Soap i959“6o, 25 , 397). 

'rhe roots arc a goocl source of couinarin com- 
pounds (Table i), their highest concentration being 
found at the flower-hud stage of the plant. Coumarins 
are also present in the leaves, umbels, and fruits. 
Osthol (7-iiiethoxy-S-i.%'opcntenyI couinarin) which 
occurs in the driecl roots up to the extent of 3.6 per 
cent, has been found to be a potent respiratory and 
circulatory stimulant in experimental animals. Its 
respirotonic effect Avas more marked than that of 
coraiuine, lepta/.ol and caffeine. It caused a rise of 
arterial blood pressure in dogs, rabbits and rats but 
had a depressor effect in cats. It has been shown to 
be free from any local toxic action (Chem. Ahstr., 
1962, 57 , 3785 ; Gupta ct al, Indian /. Clicm., 1964, 
2 , 4^)4 : Gupta ct al., Indian /. Pharm., i960, 22 , 235 ; 
Jamwal cl al. Arch. int. Pharmacodyn., 1962, 138 , 
400; 1964, 147 , 351 : Gulati ct al, ibid., 1966, 183 , 
481 ; Gupta & Jamwal, Indian J. med. Rea., 1967, 55 , 
241). 

I’he fruit (seed) possesses a pleasant smell and a 
sharp sweet taste. It is used as carminative, laxative, 
diuretic, aphrodisiac, stimulant, stomachic, and tonic 
to the liver ; it promotes expulsion of foetus. In 
Kashmir, a decoction of the fruit is given as antiseptic 


wash to cure rot (liver-fluke) in sheep (Kirt. & Rasu, 
II, 1213-14; Parsa, loc. cit.). 

The coumarins isolated from the fruits arc osthol 
(2.8%), prangolarin, ituperatorin, prangenidin (allo- 
imperatorin), bergapten, and oxypeucedanin. The 
fruits also contain an essential oil, a fatty oil (6.5%), 
resin, (|uercctrin, and alkaloids (0.2%) including 
prangosine (C,.,H,,N03. m.p. 132“). 'J'be dried umbels 
contain osthol (0.8%), iin|)eratorin, jsoimperatorin, 
bergapten, and hcraclenin | (-h ) -prangenin] (Gupta et 
al, Indian /. Chem., 1964. 2 , 464 : Chem. Ahstr., 1965, 
*3. 33^>9 ^ * 959 ^ 53 » 3606). 

The plant is characterized by a strong spicy odour. 
The fresh plant yields 2 per cent of an essential oil 
containing myreene (48%). a-pinene (4'V.). borneol 
and dihydrocuminol both free and as acetates 
(17.5?;.). resinous residue (28“,,), and traces of cam- 
phene and an unidentified akiehyde (Sarin & Kapoor, 
loc. cit. : Chem. Ahstr., 1940, 34 , 7529). 

The plant is considered a valuable fodder for goats 
and sheep particularly in Ladakh. In parts of the 
U.S.S.R., hay made from the plant is highly valued 
as a cattle feed. Analysis of the plant cut at the hud 
formation stage gave the following values (dry basis): 
protein, 10.4 ; fat, 3.5 ; N-free extr., 54.4 ; crude fibre, 
22.6 ; and ash, 7.0“,, (Sarin & Kapoor, loc. cit. ; 
Materiac Riides Plantarum. IT, 295-96). 

The plant is consitlcied poisonous to lower 
animals ; a decoction of the plant destroys snails. 
The young leaves and flowers are used by local 
people as insect-repellent in paddy godowns. Horses 
fed on the fruits are said to have suffered severely 
from inflammation of the eyes and even from tempo- 
rary blindness (Sarin ^ Kapoor, loc. cit.). 

Prase — see Quartz and Silica 

PRATIA Caudich. (Campanidaceae ; Loheliaceac) 

A genus of herbs distributed in tropical Asia, 
Australia, New Zealand and South America. Two 
species occur in India. 

P. nummularia Kiirz svn. P. begonii folia Lindl. 

FI. Br. Ind., Ill, 422.' 

I A^sHM — Chaokathi. 

A small, trailing and rooting herb found in the 
Himalayas from Nepal to Bhutan, and Khasi, Aka 
and Lushai hills in As.sam, in rhe western ghat.s 
(Shembaganur). and in South India at altitudes of 
6 cx)-2,kx) m. Leaves cordate-ovate, denticulate ; 
flowTrs green marked with pink ; berry elli])soid, 
black ; seeds ellipsoid, compressed, smooth. 
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The plant is used for dysentery and asthma. A 
decoction of the plant is given as a diaphoretic. The 
leaves arc pof^ded and used for treating sprue in 
Java (Biswas, 65 ; Chco, BoL Bull. Acad, sinica, 1947^ 
1 , 298 : Burkill, II, 1805). 

The juice from the herb coagulates blood and stops 
excessive bleeding (Rao Rolla, Bull. hot. Surv. India, 
1963, 5 , 165). 

PRAWNS, SHRIMPS AND LOBSTERS (Phylum 
Arthropoda, class Crustacea, subclass Malacostraca, 
order Decapoda, suborder Macrura) 

Alcock, 1906, i~55 ; Patwardhan, Indian zool. 
Mem,, 1957, 6^ i-i 12. 

A considerable part of the fisheries in India is 
constituted by the crustaceans, such as prawns, 
shrimps and lobsters. Prawns and shrimps, which 
belong to the group Natantia, are similar in appear- 
ance ; shrimps, however, are smaller in size. I^l^ters 
are robust, heavily armoured creatures ; they are 
exclusively marine and are included under the group 
Reptantia. All the three decapods have elongated 
bodies divisible into two easily recognizable parts, 
viz. the cephalothorax and the abdomen. The cepha- 
lothorax is formed by the fusion of the head and 
thorax, and is made up of not less than thirteen 
segments, five in the head and eight in the thorax. 
The abdomen is composed of six distinct segments 
with a tail piece or telson behind the last segment. 
Each of these segments generally carries a single pair 
of appendages, which are useful in the normal func- 
tioning of the body. Head appendages are two pairs 
of antennae, sensory in function, and a pair of man- 
dibles and two pairs of maxillae, used in capturing 
and masticating food. Thorax possesses three pairs of 
maxillipcdes, probably used for holding the prey, 
and five pairs of walking legs for crawling. Abdomi- 
nal appendages are adapted for swimming. Sexes are 
separate and the reproductive organs are mainly 
situated in the cephalothorax. 

OCCURRENCE AND DISTRIBUTION 
Prawns 

Indian commercial prawns are of two kinds, viz. 
penaeid type belonging to the family Penaeidae 
(Section Penaeidea), and palaemonid type belonging 
to the family Palaemonidae (Section Caridea). The 
majority of prawns contributing to the valuable 
prawn fishery of the country— marine, estuarine and 
backwater— belong to the family Penaeidae. 


PENAEIDAE 

Prawns belonging to this family are common in 
the sea and in brackish water environments, such as 
estuaries and backwaters. They are quite abundant 
in the Indo-Pacific region, many preferring shallow, 
inshore waters, where the bottom is largely muddy 
and often containing large quantities of organic 
detritus. Some of the smaller species, e.g. Metapenaeus 
dohsoni (Miers) and Parapetieopsis spp. are most 
abundant in waters seldom exceeding 10-15 fathoms 
(18-27 m.) in depth. The association of these inshore 
prawns with mud hanks along the coast of Kerala is 
taken advantage of by fishermen of this region who 
catch every year hundreds of tonnes of these prawns 
from the coastal waters. Some penaeid species, such 
as Metapenaeopsis coniger Wood-Mason prefer deep 
waters. 

In penaeid prawns the carapace is drawn out into 
a median, forwardly projecting rostrum and the eye- 
stalks are two- or three-jointed ; first abdominal 
segment overlaps the second at the sides ; gills are 
completely branched ; the first three pairs of walking 
legs are chelate and successively increase in length. In 
abyssal forms the eyes may be frequently reduced or 
may be absent altogether. 

Three important genera of penaeid prawns known 
from Indian waters and constituting the prawn 
fisheries are: Penaeus Fabr., Metapenaeus Wood- 
Mason, and Parapeneopsis Wood-Mason. 

Penaeus Fabr. — ^Thc rostrum is serrated on both 
the edges; a gill is attached to the body wall on the 
last thoracic somite ; exopodites are present on all, 
or all but the last pair of thoracic legs. Largest 
prawns caught from the Indian seas belong to this 
genus. 

P. indicus Milne-Edwards 

Beng. — Chapda chingri ; Mai.. — Vclla’chemmeen, 
naran-chemmeen. 

The body is somewhat laterally compressed and 
when alive the prawn is rather white and translucent 
with a large number of brown, grey or green dots 
over the carapace and abdomen. The antennae and 
tips of the appendages are pink. It is fairly large in 
size, growing to about 20 cm. in length, and occurs 
commonly along the entire coast-line of the country, 
in coastal waters, estuaries, coastal lakes and back- 
waters. 

P. monodon Fabr. syn. P. carinatus Dana (dc Man) 

Beng. — Bagda chingri ; Mal. — Kara<hemmeen. 
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PRAWNS— COLLECTION OF PENAEUS INDICUS 





PRAWNS, SHRIMPS AND LOBSTERS 


Adult prawns of this species are deeply pigmented, 
varying from olive green to deep bluish grey, with 
darker bands across the abdomen. The outer surface 
of the stalks of the plcopods is bright lemon yellow 
in colour. Xoung prawns (c. 5-8 cm.) are pale grey 
with dark green mottling and indistinct yellow 
patches on the pleopods. Still younger ones (c. 2.5 cm. 
or less), very slender in build, are deeply mottled 
with dark grey and dull green ; probably the coloura- 
tion is a protective adaptation for life among the 
weeds. 

This species is the largest of Indian penaeid prawns, 
growing to a size of about 30 cm. and weigh- 
ing over 142 g. Though found all along the Indian 
coast, it is not caught in large numbers. Juveniles of 
this species are common in waters ranging up to 12 
fathoms (c. 22 m.) in depth, whereas adults arc known 
to occur up to about 90 fathoms (c. 164.5 ^*) 
coast. 

Metapenaeus Wood-Mason — ^Thc rostrum is 
toothed on its dorsal edge only. No gill is present 
on the last thoracic somite. Prawns belonging to this 
genus arc comparatively smaller than those of the 


preceding genus, but arc captured in much larger 
numbers. Four species, listed below, are prominent 
in the fisheries at different centres. 

M. affinis (Milne-Edwards) 

Mal. — Kazhanthan<hcmmeen, 

The rostrum is curved in this species, and the 
last pair of thoracic legs in both sexes, when 
stretched forwards, project beyond the tips of 
the antennal scale. In respect of size and a few 
other characters it resembles M. monoceros (Fabr.), 
described below. It occurs along both the coasts, 
but is not very common in the backwaters and 
estuaries. 

M. brevicornis (Milne-Edwards) 

Benc. — Dhanbone chingri. 

The rostrum in this species is short, rarely reaching 
to the middle of the second joint of the antennular 
peduncle. Fully grown forms rarely exceed 13 cm. 
in length. It is the commonest penaeid species of 
West Bengal, found in vast numbers in the inundated 
paddy fields during the rainy season. It is found, 
though in smaller numbers, on the Bombay coast 
also. 



Central Marine Fisheries Res. Inst., Mandapam 


FIG. S7— PRAWNS (DIFFERENT TYPES x0.}3) t I, Pcnacus indictu | 2, Menpemeut aifinii { 3, MrupeiiMtu dobMiii i 4, Penaciu monodoa | 

3, MeCApemciu monoccrot | Parapeneopib Mylifen 
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PRAWNS, SHRIMPS AND LOBSTERS 

A/, dohsoni (Micrs) 

Mal. — Thdli-chcmmccn, poovalan-chemmeen. 

The body is covered with toincntum which is more 
patchy ancl less coarse than that of M. monoceros. It 
grows up to a length of about 13 cm., and occurs 
commonly on both the coasts in waters seldom 
exceeding ia-15 fathoms (c. 18-27 depth. It is 

abundant in estuaries and backwaters. 

Af. monoccros (Fabr.) 

Beng. — Korancy chingri, honyc chingri ; Mal. - 
Choodan-chemmvvn. 

The body is covered with a coarse and short 
lomentum. Fidly grown forms reach about 17 cm. in 
length. I'lie species is distributed along the entire 
coast-line of the country, and is fpiite common in 
estuaries and backwaters during the periods of low 
salinity. 

Parapeneopsis Wood-Mason -The rostrum is 
toothed on the dorsal edge only. Petaloid exopodites 
are pre.sent on all walking legs. Gills are absent on 
the last two thoracic somites. Parapeneopsis species 
never ascend into waters subject to great changes in 
salinity and hence are hardly ever caught from 
estuaries and backwaters. Their entire life is spent 
in the sea. The three main species occurring in Indian 
waters seldom exceed 20 fathoms (36.5 m.) in depth, 
and are commercially important. 

P. tnaxilUpedo Alcock 

I'his species is similar in size to P, stviifera, 
described below, and is generally caught along tlie 
Bombay coast, though its occurrence on the east coast 
has also been recorded. 

P. sculptilis (Heller) 

The rostrum is of the .same shape as in siylifera 
but shorter : in the adult male the distal styliforni 
part is often lost. There are no lateral marginal 
spines on the telson. This species grows up to a 
length of about 14 cm. It is distributed along both 
the coasts but is commercially caught only along the 
Bombay coast and in the estuaries of the Hooghly 
river in West Bengal. 

P. stylijera (Milne-Edwards) 

Mal. — Karikkadi-clicmmeen. 

It is characteristically reddish brown in colour. 
The presence of a number of small spines on cither 
side of the pointed extremity of the telson further 
distinguishes this species from others. Adult prawns 
reach a length of about 13 cm. Its distribution is 


mainly on the west coast, and it is caught in large 
numbers along the Kerala coast during Dccember- 
May. A variety of this species, viz. coromandelica 
Alcock, with two spines on each side of the telson, 
has also been recorded from various places along the 
east coast. 

i*aijv]':monu)ae 

Prawns belonging to this family include not only 
marine and brackish water species, but also fresh- 
water species. In these prawns there arc three flagellae 
in the first antennae and the iirst and second pairs 
of walking legs are chelate, the second pair lieing 
larger than the first. 

Marine prawns of this type belong to the genus 
Palaemon Weber, while freshwater prawns, which arc 
of greater value, belong to the genus Macrohrachiinn 
Bate. 

Palaemon Weber — It includes a large number of 
species which are rather small, .seldom exceeding 
10 cm. in length, and generally marine in habit ; a 
few species, however, are also cjuite common in 
estuaries and other brackish waters. P. fluminicola 
Kemp lives preferably in brackish water, bu! is 
reported to a.scend the river (ranga to a distance of 
about 1. 1 25 km. 

P. stvHferus (Milne-Edwards) 

Beng. Glwra chingri. 

This species inhabits both marine and brackish 
waters and contributes substantially to the prawn 
fishery of the Gangelic delta and the Bombay coast. 
It .seldom exceeds 5 cm. in length. 

P. tenuipes (Henderson) 

This species is easily recognizable by the long and 
slender fourth and lifth pairs of walking legs. Its 
habitat is similar to that of P. st\liferus and it is 
caught in large numbers off the Bombay coast. 

Macrobrachium Bate It includes .several species 
of frc.shwater prawns which are widely distributed 
all over India in rivers, lakes and ponds, and 
account for a con.siderable part of the commercial 
catches. Though they are essentially frc.shwater in 
habitat, some species migrate into brackish water, 
when the .salinity is low. for lilx?rating eggs and 
larvae. Further development takes place in such en- 
vironments. The young prawns return to freshwater 
again and reach maturity there. The economically 
important species of the genus include the following. 

M. idac (Heller) is common in Kerala backwaters 
during Scptcmber-Decemher. 
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M, malcolmsonii (Milnc-Ed wards) is very common 
in the Chilka lake in Orissa, Hooghly estuary, Goda- 
vari, and Ganga towards the close of the monsoon 
and is mainly a freshwater species tolerating brackish 
water. During this period, mostly the gravid female 
prawns are caught. They do not exceed 23 cm. in 
length. 

A/, tnirabile (Kemp) is the most important species, 
occurring in the upper reaches of West Bengal 
estuaries. 

A/, rosenbergii (de Man) syn. A/, aircinus Fahr. 

Bkx(;. — Golda chingri, mocha chingri ; Mal. - 
Konchu. 

This species is somewhat rounded in form. It 
grows up to about 30 cm. in length. Though a fresh- 
W'ater form, it is accustomed to live in brackish water 
also, where it is reported to migrate for breeding 
purposes. In the backwaters of Kerala, berried 
females of this species are (piite common during 
September-November. Because of its large size and 
easy availability, this species is much in (lemand for 
preservation and export. 

A/, rudis (Kemp) 

Bicno.- Goda chingri. 

This is a common species, stout in build, found in 
some parts of West Bengal during Augusi-Octobcr, 
when a large number of females, carrying eggs, are 
caught. It is also found in the Chilka lake in Orissa 
and occasionally in other brackish waters. 

M. scabriadnm (Heller) is a purely freshwater 
species. 

Several species of Macrobrachium, along with 
penaeids, form an important fishery in the lakes and 
backwaters along the Indian coast during the rainy 
season when the salinity of the water is low ; later 
during the summer months the catches consist 
almost entirely of penaeids. 

UIPPOI.YTIDAK 

Prawns belonging to tliis family possess a long 
rostrum. The first pair of walking legs is short, 
robust and cliclate ; the second pair, though chelate, 
is more slender, with its carpus subdivided into two 
to several joints. Only one species, viz. Hippolysmala 
ensirostris Kemp, alxiut 5 cm. in length, is of some 
economic importance, as it is quite common in the 
commercial catches along the Bombay coast. 

Shrimps 

Shrimps arc comparatively smaller in size than 
prawns and have elongated l)odies and slender limbs ; 


fourth ami fifth pairs of legs are either reduced or 
absent. Indian commercial shrimps belong to the 
families Sergestidae (Section Penacidva) and Atyidae 
(Section Carided), 

SKKC.KSriDAE 

Commercially important shrimps of this family 
belong to the genus Acetes Milne-Ed wards. These 
shrimps seldom exceed 2.5 cm. in length and are 
found in swarms in the plankton of coastal waters, 
particularly the Bombay coast, where the annual 
catch amounts to several hundred tonnes. Some 
common Indian species of this genus are A. cr\tltracus 
Nohili, A, indiciis Milne-Edwards, A. japouicus 
Kishinouyc and A, sibogac Hansen. Besides their 
value as an article of human diet, they are one of the 
chief foods of some of the fishes of economic import- 
ance : the phosphorescent shrimps belonging to the 
genera l.ucifcr Thompson and Sergestes Milne- 
Edwards are also eaten by the lish. 

A'lYIDAF. 

In shrimps belonging to this family the first 
and second pairs of walking legs have highly mobile 
chelae, hearing spoon-shaped fingers tipped with 
brushes of long setae. They are small, less than 
2.5 cm. in length, and found in freshwater or brackish 
water. Caridina gracilipcs de Man (Beno. — Ghusha 
chingri) is a familiar shrimp of this family which is 
caught in West Bengal and marketed along with 
other shrimps. 

MUD-SHRIMPS 

They are so called becau.se of their superficial 
resemblance to commercial shrimps, hut are not 
true prawns or shrimps, as they belong to an 
entirely dillcrent order Mysidacca, Mud-shrimps in- 
habit marine or brackish water and are sometimes 
also called opossum-shriiiips because of the presence 
of brood pouches. The important species include 
Macropsis orientalis Tattersall, Potamomysis assi- 
mills Taticr.sall, and Gnathophausia ingens (Dohrn) ; 
the last species is the largest member of the order, 
reaching a length of about ifi cm. They are cheap 
and are eaten in West Bengal. 

BKINE-SHRIMPS 

The occurrence of brine-shrimps of the genus 
Artemia Ixrach (Subclass Branchiopoda, order 
Anosiraca) in Indian waters was discovered in 1951, 
when a large number of fully developed forms 
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were caught from salt-pans at Vadala on the out- 
skirts of Bomhay. They arc tiny, about one cm. in 
length, and cherry-red in colour when fully grown. 
Younger forifis are pale whitish. Well marked sexual 
dimorphism is exhibited in these shrimps, the male 
having claspers and tlie female prominent ovisacs. 
Brine-shrimps are capable of thriving in waters of 
extreme salinity. Kggs of these shrimps are utilized 
oil a large scale for feeding the tiny fish-fry in 
different parts f)f tlie world. Adult shrimps are fed 
to large a(|uarium fish. 

I^nSTER.S 

Lobsters, particularly the spiny lobsters or rock 
lobsters, inhabit the inshore waters of the sea, 
preferring regions with hard rocky bottoms. The 
more common ones are usually caught from com- 
paratively shallow waters, though a mimher of 
species prefer deeper regions of the sea. Lcihsters 
of the families Paliuundar, Scylhiridac and 
Erynnidac arc found in the catches from Indian 
waters. 

1*ALI.\UK1DAE 

In lobsters of this family the carapace is sul> 
cylindrical and eyes are not enclosed in orbits. 
The second pair of antennae have long whi|>like 
flagella. The ivalking legs are more or less alike and 
none of them, except sometimes the last pair in 
females, is chelate. The first abdominal segment is 
devoid of any appendage. Species of the genus 
Pamdirus White arc mainly tropical in distribution, 
and the important among them are: P. dasypus 
(Mil ne-Ed wards), P. homarus (Linn.) syn. P. hurgeri 
(dc Haan.), P. ornatm (Fahr.), and P. versicolor (Kitr.). 
They grow up to about 38 cm. in length and weigh 
i)(xy g. or more. l^ifTerent species of Panulirus occur- 
ring along both the coasts of India contribute to the 
commercial lobster fishery. A closely related species 
Puendus sezvcili Ramadan, has been recorded from 
the Gulf of Manaar and the Arabian Sea in waters 
38-550 fathoms (70-i.ocx) m.) in depth. 

.SCYLLARIDAE 

In lobsters belonging to this family the carapace 
is depressed, eyes are enclosed in orbits, and second 
antennae arc flattened and without the whip-like 
flagella. Scyllarus bald Holthuis and Thenus orient- 
(dis (lamd) arc found in Indian waters at considerable 
depth, but none of the scyllarids is of any economic 
importance. 


ERYOXroAE 

The family is represented in Indian waters by 
Polyclieles andamanensis Alcock, which is reported 
to occur at a depth of about 1,100 fathoms (2,000 m.) 
in the Bay of Bengal and the Arabian Sea. 

REPRODUCTION 

Developmental siages of prawns, shrimps and 
lobsters are almost similar with some variations in 
the duration and eourse of metamorphosis. Females 
of almos! all species of penaeid prawns become 
sexually mature only in the .sea and arc peculiar in 
their habit of liberating their eggs in water, the 
parents taking no further care of them. This habit 
is shared also by shrimps of the family Sergeslidae, 
Other prawns, .shrimps and lobsters carry the eggs 
attached to their abdominal appendages till they 
hatch our. 

The eggs of penaeid prawns and some closely 
related shrimps are demersal and hatch out as tiny 
larvae (nauplii) with oval, un.segmentcd bodies and 
three pairs of appendages. They moult a numher of 
times, and in 2-3 weeks emerge as .small fry (post- 
larvae) which resemble the atlults. Tlie larvae and 
early post-larvae are planktonic, i.e. they float at or 
near the surface of the sea, and in the case of most 
of these prawns, small fry drift towards the coast 
and eventually pass into e.stuaries or backwaters. 
They live at the bottom in these environments for 
several weeks or months, attaining quick growth, and 
then migrate back to the sea. These growing young 
prawns con.stitute largely the commercial prawn 
fishery. The post-larvae of Parapeneopsis siylifera, 
however, are not known to leave the sea at any stage ; 
in palaemonid prawns, eggs hatch at a much later 
stage. Some freshwater prawns and some others 
living in the depths of the sea do not pass through 
any free-living larval siages hut develop directly from 
the egg into forms not e.s.sentially diflerent from the 
adult. 

The free-swimming larvae of lobsters (spiny 
lobsters and other related forms) are remarkable for 
their leaf-like shape and glassy transparency and are 
popularly known as Glass Crabs. They are well 
adapted for drifting about and arc carried over great 
distances by oceanic currents. They have an unusually 
long life, extending in .some in.stanccs to 6 or 7 
months. The changes in shape and structure through 
which the lobster larvae pass during their meta- 
morphosis are, therefore, more profound and striking 
than those in most prawns and shrimps. 
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The occurrence of prawn fry in estuaries and back- 
waters is being exploited for prawn culture in 
properly laid out farms. 

PRAWN FISHKRY 

Fishing grounds — While the prawns and shrimps 
arc caught along the entire west coast, their landings 
on the east coast are mainly limited to the northern 
part of Andhra coast and a small area near Tuticorin. 
On the eastern coast, prawns are caught mostly from 
brackish water lakes, such as Chilka (Orissa), Ennorc 
(Madras). Kolleni and Pulicat (Andhra Pradesh), and 
estuarine deltaic areas of West Bengal. Apart from 
the rich prawn fishery of the west coast, a long chain 
of brackish water lagoons situated close to the 
coast, with their openings into the sea, serve as 
excellent prawn nurseries, providing good fishing 
grounds. 

Catches The catches almost always consist r)f a 
mixture of dillerent species of prawns and shrimps. 
Occasionally, during the south-west monsoon period 
(I line- August.) inshore waters close to the northern 
part of Kerala coast arc rii:h in Penaeiis indiciis. 
This is also true of the fishery near Tuticorin coast. 
Later catches from areas close to the coast consist 
mainly of Mrtapeuaeus dobsoni. On the south-west 
coast during January-May Parapencopsis stylifern 
may dominate in the inshore catches. 


The main fishing season in the southern and 
central parts of Chilka lake is April- August and in 
the northern parts Decemher-April. In the warmer 
months, most of the water in Kolleru lake dries up, 
and during the rainy season, when the lake is full of 
almost freshwater, the prawn population consists of 
mostly freshwater species. loiter, (hiring March-May, 
gradually the penaeids become dominant. Fishing 
season in Ennore lake extends from January to June 
and P. indicus and Metupenaeus monoceros are the 
dominant species. In the deltaic areas of West 
Bengal, prawns are caught during the post-monsoon 
months (August-Octoher) and the landings consist 
of penaeids. such as A/, monoceros and M. hrevicornis, 
together with species of Paine mon and Parapencopsis. 

The catches rliroiigh trawling ojierations in the 
inshore waters of the wi'st coast are substantially 
similar to those obtained by fishermen with their 
indigenous gear, d'hose obtained from deep-sea areas, 
beyond the usual fishing grounds, occasionally yield 
large and mature prawns (P. indicus and A/, mono- 
ceros) in appreciable (|uaniities. Landings of marine 
and brackish water prawns are given in Tables i and 
2 respectively. No separate figures are available for 
lobsters : they are included in the data for catches of 
criLstaceans other than prawns and shrimps. 

Prawn fishery has been dealt with in detail in the 
Fish and Fisheries supplement. 


TABLb' 1— LANDINGS OF MARINE PRAWNS AND OTHER CRUSTACEANS IN INDIA* 


(Qly ill lotiiics) 




Kerala Maharashtra 

(hi jarat 

Madras 

And lira 

W. Rengal 

Mysore 

Others 

Trawler 

Total 






Pradesh 

& 



catches 








Orissa 





1%(l 

P 

12.583 9,278 

4,917 

1,872 

1,591 

803 

420 


295 

31,759 


N 

23 34,605 

365 

275 

1,003 





.36,271 


() 

175 48 

25 

823 

1.423 

3 

72 

1 

1 

2,571 

IWil 

P 

20.393 8.166 

3,012 

1,819 

2,797 

1,612 

545 


738 

39,083 


N 

21,744 

190 

1,008 

689 


10 


1 

23,685 


() 

105 46 

13 

1,311 

496 

•i 

58 

4 

1 

2.038 

1962 

P 

29,218 8,076 

1,497 

2,526 

1.305 

2,178 

2.379 

1 

1,069 

48,249 


N 

33,725 

848 

10 

373 

27 




34,983 


O 

22 2 

4 

755 

213 


35 


•• 

1,031 

1963 

1 * 

22,228 .5,187 

1,698 

3,269 

3,483 

3,776 

1,428 

1 


41.070 


N 

76 37.482 

1,966 

101 

880 

17 




40,522 


() 

90 14 

6 

1,058 

853 


39 



2,060 

1964 

P 

.t5.220 14..t01 

1,330 

3,958 

5,229 

2.309 

1,040 

55 


63,442 


N 

29.324 

832 

145 

1,205 





31,506 


() 

72 18 


3,982 

468 

8 

l'7 


•• 

4,565 

1965 

P 

12.472 9,791 

3,948 

2.636 

3.507 

2,133 

m 

960 


35,846 


N 

84 40,412 

507 

82 

330 





41,415 


O 

1.^0 58 


2,161 

9 


7 

27 

•• 

2.392 

• Data troiii Central Marine Fisheries 

Research Sub -Station, 

Krnaktilatii ; 

Fisheries IX'velopment 

Adviser to 

the Covt. of 

India, 


New Delhi. 

P- Penaeid prawns. N— Non -peiiaeid prawns. O— Other crustaceans, mosily crabs and lobsters. 
Figures for Madras from 1962 onwards include those for Pondicherry. 
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TARI E 2— LANDINGS OF BRACKISH WATER PRAWNS IN INDIA* 


1%0-61 

(Qty in 

HooKhly 

r.siuary 

612 

tonnes) 

C'hilka 

lake 

Mahaiiatli 

estuary 

74 

l%l 62 

1.010 

881 

80 

1%2 6.1 

797 

877 

114 

61 

927 

66.1 

55 

1964-65 

998 

700 

57 

Oiila from 

(Vntral Iiilaml 

Fisher ios Research 

Institute, 


Barrackpnrc. 

Laiulings in Piilicat lake* incliulnt 206 tnnncs (Uiriii); l% 4 - 65 . 

Fishing nets (if boat-seine type arc (|iiile commonly 
usee! for catching prawns. Cast-net, a variety of 
wall-net, and other nets are also used in various parts 
of the country. Substantial (piantities of prawns arc 
now being landed by shrimp trawls operated from 
modern inechani/ed vessels. TiOhsters are caught by 
small conical nets (hul ley-nets), gill-nets ami traps 
along the Bombay coast, where the fishing lasts from 
November to March. In Kanniyakumari district of 
Madras State, lobsters are caught in good numbers 
during Decern ber-April and are frozen for export, 
chiefly to U.S.A. In Kerala, extensive areas of paddy 
fields are modified into traps for impounding prawns 
|Fish and Fisheries, With India — Raw Materials, TV, 
suppl., ii8 23; Encyclopaedia Britannica, XIV, 260- 
6r : XX, 586; Alcock, 1901, i 286; C^.hopra, Proc. 
hidiau Set. Con^r., 1943, r-2i ; Kemp, Mem. Indian 
Mus., 1915, 5, 199 ; Annandale, Calcutta Rev., 1915, 
15 ; Chopra, B. N., 64-66 ; Menon, Proc. hido-Pacif. 
Fish. Coini., Sec. 3, 1951, 80: Panikkar & Menon, 
ibid.. 1955, 333 ’ Bhimachar, ibid., 1963, 10 , 124; 
Panikkar, Indian ]. Fish., 1954, I, 389 ; Menon, ibid., 
1955, 2, 41 : /. zool. Sac. India, 1953, 5, 153 : Souvenir, 
Central Marine Fisheries Research Station, 
Mandapam. 1958, 45-50 ; Powell, /. Bombay nat. Hist. 
Soc., 1907 oS, 18, 360: Panikkar, ibid., 1937-38, 39, 
343 : Chopra, ibid., 1939-40, 41, 221 : Kulkarni, ibid., 
1952-53, 51, 951 : I^inikkar, Curr. Sci., 1948, 17, 58; 
Panikkar & Viswanathan, Nature, Loud., 1940, 145, 
108 ; /. Mar. hiol. /Iss. U.K., 1941, 25, 317 ; Parry, 
/. exp. Biol., 1955. 31, 601 : Ilandcrson & Mattbai, 
Rec. Indian Mus., 1910, 5, 277 : Menon, Seafood Tr. /., 
1967, 2(i), 151]. 

PRESERVATION AND CURING 

Prawns intended for local consumption are 
marketed soon after catching, since they arc highly 
perishable and keep well only for a day or two. 


Prawns despatched in the fresh state to inland towns 
are loosely ])ackctl between layers of ice. Preservation 
in ice increases the storage life of prawns to about 
15 days. However, storage should be for as short a 
period as possible to avoid loss of the soluble nutrients 
and nitrogenous constituents, particularly the free 
amino acids. 'Fhe rapid loss of glycine during storage 
weakens the characteristic flavour of the fresh prawns 
while tlic reduction in lysine content is concomitant 
with the development of malodorous substances. 
Occurrence of black discolouration (melanosis) during 
storage is considered an enzymic process ami can be 
minimized by heading the prawns prior to icing. It 
can also be prevented by the use of chemical 
inhibitors, such as sodium bisulphite [Fish and 
Fisheries, With India — Raw Materials, IV, .suppl., 
121-22 : Velankar & Oovindan, Indian J. Fish., 1959- 
60, 6, 306 : Bose, Indian Seafoods, 1964-65. 2 (i), 7]. 

The common criteria for determining the fre.sh- 
ness of prawns are mainly organoleptic, namely 
texture, odour and flavour. Fresh prawns are dry and 
crisp to feel and give off an agreeable odour, while 
the stale ones are moist and clammy, warm and 
sticky, and possess an objectionable smell. Data on 
the bacterial load of fresh ])ravvns indicate that the 
flesh is nor sterile and that the heads contain 
maximum bacterial load. There is a steady increase 
in the total bacterial count during spoilage and this 
can be used as an index of the overall quality of the 
prawn. Also, tests bascil on estimations such as 
volatile acid number, have been suggested for 
assessing the extent of spoilage of prawns {Markctinfr 
of Fish in India, Af^ric. Marketinff Ser., No. 126, n/ii, 
72-73 : Pillai et al., Indian J. Fish., 1961, 8, 430 ; 
Velankar ct al, J. sci. industr. Res., 1961, 20 D, 189; 
Indian J. Fish., 1961, 8, 241). 

Curing of fresh prawns and shrimps is done in 
many ways. The simplest method is to (Iry the prawns 
in the sun : the product is sold as such or after 
shelling. The prawns are usually cured by boiling 
them in water till they become reddish brown, and 
then drying. After two or three days, they are shelled 
by threshing and winnowing and the resulting dry 
meat is packed in bags. Prawns processed in this way 
have only a limited local marker, the bulk of the 
product being exported to Ceylon, Hongkong. 
Singapore and U.S.A. 

A semi-tlrying process for tlie preservation of 
prawns on a large scale has been developed by the 
Madras State Fisheries Department. In this process, 
the prawiys are boiled in six per cent brine for about 
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two minutes, shelled, and salted hy immersion in 
saturated brine for 15-30 minutes. After draining off 
the brine they are dried either in the sun or hy means 
of artificial driers, the flesh being prevented from 
becoming too hard. The product is packed in alka- 
ihenc bags and sealed. To store for longer periods, 
it is packed in tins charged with carbon dioxide. Semi- 
dried prawns keep well for months and when soaked 
again in water, taste like fresh prawns. Their nutri- 
tive value is not affected by curing. 

Smoking of prawns is not popular in India, though 
in the Kolleru lake area, fresh prawns are sometimes 
smoked. Tn parts of Orissa, prawns are preserved by 
spreading them on mats over a cpiick but smoking 
fire. In Malabar, boiled and shelled ])rawns are 
pickled in vinegar or weak toddy with condiments 
and spices. 

Prawn canning industry has developed in India 
during recent years, particttlarly in Cochin. Till t958, 
there was practically tto export of canned ]>rawns 
from India, bitf for the last few years there has been 
a growing detnatid from U.S.A. and other coutitries. 

Freezing of prawns is done at several cetitres along 
the coast of India. There are a niimher of frce/itig 
plants at Matigalore, Calicut, Cochiti and Trivandrum 
which are etigaged iti freezing prawns atid lobster tails 
(entire body hehittd the head) for export, particularly 
to U.S.A. The prawns are (|itick-frozen below -34" 
in mitiimiim possible time and are given a uniform 
glazitig before being packed [Fish anil Fisheries, 
With India — Raw Materials, IV, siippl., 97, 122 ; 
Marketing nf Fish in Indhi, ty6t, 44, 57 ; Chacko, 
Inditw Ftn^ 19.^4, 5, 259 : Venkalaratnan 

Sreeuivasan, Indian Fnvr^ N.S., 1953 54, 3(to), 22 : 
IS: 2237-1962!. 

ITIIJ/AriON AM) CO.MI’OSmON 

Indian prawns atid shrimps are reported to he the 
finest iti ilie world. 'I’hey are cou.sumed either in the 
fresh condition or in the form of pre.served products. 
Only a stnall (|uanrity of the tuarine prawn catches 
is consitmed locally, ttearly S5 per cent of it being 
dried and converted itUo pulp. Dried prawti pulp is 
prepared hy cooking fresh whole prawns iti brine and 
then peeling and drying the material, or drying first 
and then peeling. If is available in markets in four 
grades, depending upon the size of the prawns 
processed. A sizeable proportion, es])ecially of the 
large and medium-sized prawns, is also frozen. Frozen 
prawns arc sold in different grades according to the 
parts removed before freezing, and also whether fresh 


or cooked : they are re([uired to he free from any 
discolouration and off-odours. Prawn meals, rich in 
protein and suitable as feed rations, can he prepared 
from the sun-dried or cooked prawns. The thick and 
hard shell of lobsters can he utilized for making 
various fancy articles a cottage industry basis 
|(ieorge, Indian Scajnods, 1963-6.^. I(i), 17 : IS: 2237- 
1962 : 2345 -1963; Pillai, BidL cent. Res. Inst., Univ. 
Kerala, 1957, 5C(3), (^6 : Negi, Indian ]. vet. Sci., 1949, 
19 , 147 ; Marketing nj Fish in India, 1961. 77 1. 

Prawns and shrimps constitute a cheap and rich 
source of animal protein. They also contain appreci- 
able ipiantities of calcium, phosphorus, iron, iodine, 
riboflavin and nicotinic acid. The lypiial mineral 
and vitamin values of |)rawn muscle are as follows: 
calcium, 90 : phosphorus, 240 : iron, 0.8 ; sodium, 6f) ; 
potassium. 262 : chlorine. 2.3 : vitamin A, nil : 
thiamine, o.ot : riboflavin, o.io: nicotinie acid, 4.8; 
and choline, 542 mg./ too g. Analysis of the edible 
portions of prawns, shrimps and lobsters is given in 
'Fable 3. Wide variations are observed in the fat 
content of dillerent species of prawns as well as 
among individuals of the same species. Mature 
prawns contain more of fat atid less of minerals than 
the young and immatun* ones. The deficiency of fat 
in prawns is made good hy the pre.sence of carho- 
hyilrates which occur as glycogen and starchy 
nuirients. Smaller varieties of prawns contain more 
glycogen than the bigger ones (Chacko, Indian Fnig, 
1944. 5, 259: C'hidhamharam & Raman, ibid., 1944. 
5, 454 : Iodine Content of Foods, 55 ; Shaikhmahmud 
iV Magar, /. sei. indnstr. Res., 1961, 20D, 1 f;7 : i9<;7, 
16A,44). 

Prawn and shrimp proteins possess a liigh biological 
and nutritive value and digestibility (Table 4). 
Fi.ssential amino acid make-up of tlie proteins of fresh 
prawns (Penaeus nnnmdon) and lobsters res|iectively 
is (as g./tfi K-N): arginine, 7.1, 7.2: histidine, 2.3, 
1.2; lysine, S.i, 17.6; tryptophan. i.S. 0.2: phenyl- 
alanine, 6.2. 2.7: methionine and valine, 11.9, 5.1 ; 
threonine, 2^.6 (including glutamic acid), 5.3 ; and 
leucine and /soleiicine, 15.5. 15.6 (A|)panna & 

Devadatta. Cnrr. Sei., 1942. 11 , 333 : Chari 
Venkataraman. Indian J. wed. Res., 1957, 45, 81 : 
Master &: Magar, ibid., 1954, 42, 509). 

Non-protein nitrogen accounts for about 60 |)er 
cent of the total water-soluble nitrogen in prawns. 
The distribution of nitrogen in the fresh muscle of 
Penaeus monadnn is (as mg. N/i<x> g.): total N, 
3,415; water-soluble N, 1,231 : non-protein N, 756.5: 
«-amino N, 394.2 ; volatile base N, 64.4 ; and 
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TABLE 3-CHEMICAL COMPOSITION OF EDIBLE PORTIONS OF PRAWNS, SHRIMPS AND LOBSTERS 


• 

Marine prawns 

t ^ ^ 

Ikimbay Malabar 

coast' coast* 

Estuarine prawns 
[Palaetnon sp.)® 

Shrimps 
[Aretes sp.) 
Bombay 
coast' 

lobster 

[Panidirus 

ornatus 

var. decora tu.s) 
Bombay 
coast* 

Kdibic portion, % 

50.0 70.0^ 

4.1.0 52.3 


80.0* • 

71.0 

Moisture, 

67.5 80.1 

76.7*78.9 

75.5 

79.9 

76.3 

l*rotcin, '.’0 

60.1 7().5t 

17.6 20.8 

21.5 

44.2t 

19.6 

Fai, 

J.l .S.lj 

t).4 0.9 

1.7 

1.5t 

.. 

( :nrboh yclralcs, 

!.?.! 27.7t 

0..1 2.0 

0 

31. 8t 

.. 

Minerals, '/» 

9.1 n.5t 

1.2 1.7 

1.3 

22.5t 

1.7 

Calcium, nig. -100 g. 

470.0 535.0t 

I.W.O 286.0 

38.0 

825.0t 

178.0 

Phosphorus, mg. 100 g. 

7 1 5.0-9.10.01 

264.0-348.0 

249.0 

l.975.0t 

40.7 

Iron, mg. - 100 g. 

27.6 4.1.1 1 

1.8 9.4 


50.5t 

2.9 

’ Shaikhmnhmiifl A Magar, J. 

NCI. indtislr. Rt's., 

1961, 20D« 1.S7; * Chari, Indian J. nicd. Res., 

1948, 36. 253 ; '' Miira A Mittra, ibid., 


31, 41 ; et nl., ihul., IW, 32, 171. 

•Also (ontains (on dry basis): glycogen, 21.? 415, and lactic: acid, I.?().6 -180.5 ing./lOO g. 
••Also contains (on dry basis): ghrogc'ii, 4.?5, and lactic acid, 1 10.5 nig./lOO g. 
t On drv basis. 


TABLE 4-BIOLOGlCAL 

VALUE AND 

DIGESTIBILITY 

CXMirFIUENT 

OF PRAWN AND SHRIMP PROTEINS 


Species 

Level of 

Biologieal 

Dig. 

feetling 

val. 

eo-eiri<-ieni 


o/ 

/o 

% 

% 

Metapenaens sp.'* 

5 

71.8 

86.4 


10 

65.7 

85.8 


15 

59.6 

73.2 

Parahencuhsis 

siylijertP 

5 

97.5 

97.4 

.'Icr/c.v sp.' 

5 

75.6 

83.7 


10 

60.7 

S6.<l 


15 

.S4.5 

71.9 


' Appanna A' Ocvaiialla, Curr. Sci., IV42, 11, V'alanjii & 

Sohonic, Indian /. nird. Res., 1057, 45, 125. 

• Protein ccintent, 


jj;liitaminc amide N, 33.S. Free amino aeifis such as 
lysine, arginine, glyeine, proline, valine and leucine 
occur in signilicanr amoimrs in the prawn muscle. 
I’hey coniribute to the characreri.sric llavoiir of the 
meat and are also |)rohahly respon.sible for the poorer 
keeping (|uality of prawns as compared to leleosts 
(Velankar & Govindan, Proc. Imlian Acad, Sci,, 1958, 
47 B, 202 ; Velankar & Iyer, J, sci, industr. Res,, 1961, 
20c, 64). 

By-products— Prawn shell manure consists of the 
head, tail and body shell of prawns, which are 
separated during the preparation of prawn pulp or 


semi-dried prawns. It ha.s an aj)preciahle (piantity of 
lime and is suitable as a manure for acid soils. It 
contains: moisture, 15; nitrogen, 5-6: phosphate, 
2 -5 : lime, 13 ; and in.soluhles, 15“,’,. Prawn dust 
obtained during shelling of the prawns can also be 
u.sed as tnanure. 

Meals prepared from powdered prawn shells are 
suitable as feed for promoting tpiick growth of young 
fishes and are also used as poultry and cattle feed. 
A proce.ss has been developetl for the produdion of 
poultry feed com])arable in (piality to bsh scrap meal 
utilizing wa.ste prawn heads and .s(|uilla (a sule catch 
in j}rawn fishing). Analysis of a .sample of meal made 
from prawn heads (sun-dried), gave the following 
values (dry basis): protein, 45.5: fat, 5.7 ; total ash. 
23.9 ; acid-iiLsoluble ash, 2.2 : calcium, 4.9 ; phos- 
phorus, 3.1 ; and sodium chloride, 4.5% : dig. 
co-eflicieni, 54.8%. Preliminary feeding trials with the 
prawn head meal have shown good growth response 
with poultry and pigs. The prawn heads can al.so be 
u.sed for the preparation of cholesterol. Chilosan (a 
derivative of chitin) and glucosamine hydrochloride 
have been prepared from the prawn shell wastes 
\Marketing of Fish in India, 1961, 74, 77 ; Venkata- 
ramati & Chari, Madras agric, 1950, 37 , 7 ; Chacko 
Kri.shnamurthi, Sci, & Cult,, 1950-51, 16, 569; 
Chidhamharam & Raman, loc. cit. ; Visweswariah 
et al,, Res, & Ind,, 1966, 11 , 5 ; Indian Seafoods, 1965- 
66, 3(i),2i]. 
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MARKKTINC AND I’RADK 

India has gained prominence during recent years 
in the prawn and shrimp market of the world. In 
trade, the terms prawns and shrimps are indis- 
criminately used and it is often found that one is 
inclusive of the other. India stands as llie second 
largest supplier of frozen and canned shrimp in 
U.S.A.. next only to Mexico. The introduction of 
cpiick freezing facilities, such as installation of a 
freezing plant in Cochin in 1951 (freezing capacity. 
1.5 tonnes of prawns per day: storing capacity, 51 
tonnes), has given a great fillip to the export trade. 

Prawns and shrimps consiiitite the major items of 
seafood (‘xjorted from India and account for about 
S2 jier cent of seafood earnings. Indian canned and 
frozen shrimps have recently gained consumer accept- 
ance in highly sophisticated and (piality conscious 
markets in IJ.S.A., Kuro|H‘ and the East |Nayar, 
Seafood Tr. 1967, 2 (i). 2o|. 

Export — During recent years there has been a 
tremendous increase in the export of prawns and 
shrimps. 'Hie major items of export include: 
(1) canned products, {it) chiliecl or frozen prawns, 
shrimps and lobster tails, (iit) dried prawns and 
shrimps, and {iv) prawn and shrimp powder. The 
export of prawns, shrimps and lobster tails from 
India is given product-wise in Table 5. Country-wise 
break-up of the export of cured prawns and shrimps 


is given in 'fables 6 and 7. Only a few countries 
import prawn and shrimp powder from India. 
During 1966 67, 85.836 kg. of prawn powder valued 
at Rs. 69,(K)4 was exported to Malaysia, U.K.. 
Hongkong and Australia. Items of lesser importance 
exjwrted to various countries include praw'ii meals, 
prawn hits and prawn pickles \Seafood Tr. /., 1967, 
2(5). 341 - 

Every consignment of canned and frozen prawns 
and shrimps intended for export is now' suhji*cted to 
(piality control and coinpttlsory |)reshipmcnt inspec- 
tion and certification by (Government authorities 
(w'ifh effect from 15 March 1965) to ensure conformity 
with the prescribed quality standards of the Indian 
Standards Institution (IS: 2236 1962 : 2237-1962; 
-345“*9^3)- The inspection is undertaken by the 
Central Institute of iMsheries Technology, Ernakulam 
(Kerala). 

Since the price of frozeti jirawiis atid shrimps, 
both in the shell-on and in the peeled and deveitied 
forms, is based on colour and size. tiKU’e attention is 
now paid to sorting and grading by colour w'hile 
packing. Great care is now taken in the selection of 
packaging tnaterials, packing technicpies and attrac- 
tive presentation (Nayar, loc. cit.). 

Apart from the steps already taken to step up 
protluction, and diversify jiroducls and markets, the 
Marine Products Export Promotion C'ouncil, set up 


'l'ABl.b' 5— EXPORT OF PRAWNS, SHRIMPS AND LOBSTER TAIKS 


(Qty ill loiiiirs ;iiicl 

I%4 65 



Qty 

Val. 

Prawns A' Shrimps 
Claimed 

945 

6,624 

Clliilled or IVii/cn 

6,29« 

.^5,217 

Dried, exehidin); 
powdered 

2,617 

7,«05 

'»owdercd 

29S 

216 

Preparations in air- 
liji^hl eoiilniners 

2 

16 

Other than in air 
tight c'lMitainers 



I.ohstor tails 

Fresh-chi I led or 
f ro/.cn 

61 

.S8I 

Ten \i. 

10.221 

50,459 


^',* 11 . in tliou.satul Ks.) 


1965 66 l%6 67* 


t 

— \ 

t 


Qty 

Val. 

(,)IV 

Val. 

I.IIS 

9.517 

1,715 

25.tl59 

7,260 

4.^,9S| 

8.209 

100,650 

1,156 

4.014 

1,041 

6,Ot)7 

99 

65 

8f» 

69 

6 

28 

5 

52 

24 

89 


•• 

lOS 

1,246 

112 

2,142 

9.771 

58,958 

11,166 

155.959 


* June March. 
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TAfil.H 6-b'XPORT OF CANNED AND CHILLED OR FROZEN PRAWNS AND SHRIMPS 
(Qty in tonnes and Val. in thousand Rs.) 



196r6.S 

CANNFn 

1965 66 


1964” 65 

(:illl.l.EI> OK rKOXKN 

1965 66 

196^67* 


Qty 

VaK 

Qty 

Val. 

Qty 

Val.' 

Qty 

Vaf. 

o'] 

Vai. 

Qiy 

Val! 

[T.S.A. 

54S 


387 

3,075 

652 

9,324 

4,727 

25,198 

5,660 

34,306 

6,617 

77,S60 

r.K. 


6.S3 

238 

1.856 

.536 

7 . 1.54 

3 

27 

9 

49 

49 

526 

Ceylon 

.S8 

107 



. . 

.. 

Oi) 

{>>) 

218 

432 

4 

10 

Deiitiiark 

.^2 

447 

29 

276 

9 

172 

. . 


1 

6 

(«) 

7 

Frame 

48 

4.^2 

292 

2,890 

313 

5,030 

3 

16 

5 

42 

83 

898 

West ChTiiiany 

.14 

370 

8 

81 

22 

307 





(«) 

('') 

K.ast (k'riiiany 

2 

21 

IS 

93 

.30 

606 







Japaii 







1.017 

6.851 

732 

4,715 

995 

14,572 

Australia 

6 

48 

3 

33 

.34 

466 

.502 

2,887 

.592 

4,209 

424 

6,294 

Italy 

13 

112 

25 

165 

19 

.332 

(«) 

(/>) 

1 

3 



Sweden 

14 

146 

52 

407 

.30 

496 



1 

3 



Puerto Rico 

10 

100 

11 

113 

6 

106 

. - 






nclj^iiiiii 

4 

35 

3 

26 

16 

273 

. . 


2 

15 

10 

142 

Netherlands 

3 

41 

11 

117 

22 

385 

3 

23 

15 

106 

12 

147 

Others 

70 

479 

41 

385 

24 

388 

43 

215 

24 

9.5 

15 

174 

'roiAi. 

945 

6,624 

I.II8 

9,517 

1,713 

25.039 

6.298 

.1.5,217 

7,260 

43,981 

8,209 

100,630 


March. 

(a) Less than one 


lonne, (h) f.css than one thoiis.ind Rs. 


TABI.E 7-EXPORT OF DRIED PRAWNS AND SHRIMPS 
(Qiy in tonnes and Val. in thousand Rs.) 



1964 65 



1965 66 



1966-67* 


Qty 

Val. 

Qiy 

Val. 

Qty 

Val. 

Ccylciii 

.581 

1,167 

120 

231 

24 

81 

1 Iniij'knnj' 

319 

1,168 

268 

974 

667 

3,495 

Singapore 

171 

463 



59 

310 

U.S.A. 

l.t5 

548 

.s.s 

326 

42 

467 

Malaysia 

65 

233 

32 

106 

52 

28.5 

Mauritius 

41 

168 

48 

181 


313 

U.K. 

32 

1.34 

36 

141 

35 

263 

Kuwait 

19 

44 

6 

14 

12 

71 

Saudi Arabia 

16 

39 

27 

68 

11 

51 

Jainaif'a 

16 

93 

21 

109 

22 

182 

Netherlands 

10 

59 

19 

82 

12 

89 

Others 

1,212 

3,689 

524 

1.782 

50 

400 

TniAi. 

2,617 

7,805 

1,1.56 

4,014 

1.041 

6,007 


• June March. 


towards the end of 1961. is also actively collaborating 
with international agencies working for augmenting 
the consumption of shrimp and shrimp products 
throughout the world, ihroiigh promotional pro- 
grammes rNavar. loc. cit. : Modawal, Scalmnl Tr.,J„ 
1967. 2(i). 55]. 

Import — ^Tlie import of frozen and canned prawns 
and shrimps in India is insignilicant compared to the 
volume exported. The (piantity of frozen anil canned 
prawns and shrimps imported during 1964-65 and 
1965-66 amounted to 761,872 kg. valued at Rs. 981,943 
and 52,6ix; kg. valued at Rs. 86,196 respectively. 

Prices — ^Reliable price records for prawns are not 
available for the imporiant markets in the country. 
The average wholesale price of freshwater prawns in 
Madras for the year 1966-67 was reported to be 
Rs. 330 per (|uintal (/Ignc. Siliial, ImUa, 1966-67, 21 ; 
1967-68, 22). 

PREMNA 1 anil. (VcrhrtKiccac) 

A large genus of trees, shrubs or rarely herbs and 
climbers distributed throughout the warmer parts of 
the Old World. About 35 species occur in India. 
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P. bengalensis C.B. Clarke 

Kl. Br. Iml, IV, 577 ; FI. Assam, III, 474. 

Bknc;. — Dauli. 

Assam — Goliora ; Khasi — Dicng-lih ; Cako — 
llolgoppo ; Cachak Dht)la-uja ; Nepal — Gitxhcli; 
Lkpciia — S lingua. 

A small or iiiediiim-si/ed evergreen iree, disrrihiited 
in the plains and lower hill foresis ol’ West Bengal, 
Bihar and Assam, and in Sikkim Terai area. Bark 
greyish white, exfoliating in thin papery Hakes : le.ives 
ovate or elliptic ; flowers yellowish, greenish white 
or white, in corymbs ; drupes globose. 

The hark is soft and sweet and edible, 'riie wood 
(wi., 752-Soi kg./cii.in.) is brownish white or cream 
coloured, hard, even-grained and durable. Old wood 
is rej)orted to last well in water and has been used 
for bridges and for house-posts. It is also suitable for 
turnery and carving (Bor, ^02 ; Gamble, 5^6 ; Troup, 
TI. 778)- 

P. herbacea Roxb. syn. Pygmavnprvmna herhaeva 
Moldenkc 

D.F.P., Vl(i). FI. Br. Ind., IV, 581 ; Kirt. & 
Basil, V\. 738A. 

lIiNin — Bharangi ; Beno. — Blmi jam, baman halt; 
Mar. — Bharangamnla ; Tkl, — Ncala ncareadn, adavh 
nrlli koora, gandu bharangi ; 1\\.m. Binna samba, 
sini tckkii ; Kan. Nai thega. 

Assam — Maiia jam ; Garo — Mati-pharinva, bol- 
sal-thannri ; Mi'ndari -Hora chain, ole alii ha ; 
Samal -Piiin jamiin, kada-met. 

A small herb or sometimes an undershrub, arising 
from a jierennial rootstock, commonly met with 
throughout the suh-tropical Ilimalavas from Kuniaun 
eastward to Bhutan, and in Assam, extending south- 
wards through West Bengal, Bihar and Orissa into 
the Deccan Peninsula. Leaves in a rosette, closely 
appressed to the ground or in 2 or 3 pairs : flowers 
greenish yellow, in small corymbs : drupes globose, 
black. 

"I’his slightly variable species is widely distributed 
and is remarkable for its peculiar dwarf hal)it, which 
is resultant of exposure to periodical fires. Its exten- 
sively developed roots are used medicinally. They 
arc usually confused with those of Clerodcndrnm 
serratum, which are also sold under the same 
vernacular name Bharangi. Fresli rootstocks and roots 
along with ginger are given in astlima, rheumatism 
and dropsy. The rootstocks are used to cure tootli- 
ache. They arc reported to contain an acid resin and 
traces of an alkaloid. The leaves are prescribed in 


fevers, cough, and rheumatism and their poultices 
are applied to boils. 'Fhe ripe fruit is reported to be 
eaten (Merrill, /. Arnold Arbor., 1951, 32, 73 ; 
Dymock, Warden & Hooper, III, 68; Nadkarni, I, 
1CX19 : Bressers, 116; FI. Assam, III, 478). 

P. latifolia Roxb. 

I).K.P., VI(i), 337 ; FI. Br. Ind., IV, 577 ; Kin. & 
Basil, PI. 737B. 

Tfl. Pedda-nclli koora ; Tam. Pachnmnllai, 
ernmai munnai ; Mm.. - Knap pa ; Oriya Gondhona. 

Sanial — Damira sea. 

A small bushy tree or a shrub met with near the 
coast in the deciduous forests of the Deccan Penin- 
sula ; it also occurs in soul hern Bihar. Orissa, and 
West Bengal. The tree is som(‘times grown for its 
edible leaves. Bark ash-coloured, smooth ; leaves 
cordate or oval, downy, odorous when crushed : 
flowers small, dirty yellow, in compound corvmhs ; 
dru|)es wrinkled, 4-celled. 

1’his species is very variable and includes four 
varieties : of these var. mucronala has been raised to 
tbe rank of a distinct si)ecies. I'he leaves and lender 
shoots are eaten in curries, and are also used as 
fodder. 1'he leaves are reported to be diuretic and are 
given internally and applied externally in dropsy 
(Kirt. &' Basil, III, 1930). 

P. mucronata Roxb. syn. P. latifolia var. mucronala 
C. B. Clarke 

D.F.P.. VI(i). 338 : FI. Br. Ind.. IV, 578. 

lIiNin /I^/4v/r, basota, agnium, tumari, jhalcla : 
Ben<;. Gohara. 

Punjab — Ganhila, gian. bankar ; Assam — Giinarh, 
gondcri ; Nvvm.— Gincri. 

A decifiuous tree, about 11 m. in height and 1.8 
2.4 in. in girth, with short s|)ines on the shoots, distri- 
buted throughout the sub-1 limalayan tract, ascend- 
ing to an altitude of c. i,5(k) m. ; it extends into the 
plains of Bihar and Assam. Bark pale, often silvery 
brown, with dark grey or blacki.sh parts, exfoliating 
in small .scales : leaves aromatic when crushed, ovale, 
cimeate, glabrous above and pubescent below, e.spe- 
cially on the nerves : flowers greenish white, in 
terminal corymbose jianicles ; fruit globose, purjile 
to black, larger and more verrucose than that of P. 
latifolia. 

The bark is reported to be eaten during times of 
scarcity. In Kumaun, latex from the bark is applied 
to boils. It is also given to cattle for the treatment of 
colic (FI: Assam, III, 476). 
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The wood is wliitish or light purple, hard, heavy 
(wt., 560-689 kg./^’u-ni.) Jind close-grained. Coiiihs 
are made out of this wood. It is also used as fuel 
(Cowan & ‘Cowan, loi : Gamhle, 537 ; Trotter, 1944, 
228 ; Gupta, 372). 

P. obtusifolia R. Br. syn. corymbosa auct. non 
Roll I. & Willd. ; P. intcgrijolia Linn. : (-onn/Z/V/ 
corynibnsfi Biirm. f. 

IXE.P., Vr(i), 337 ; M. Rr. Ind., IV, 573 in part, 
574 ; Pharmacognosy of Ayurvedic Drugs, 8er. 1, 
No. 2, 1953, 32, Fig. 

Sans. — Agnimanthah ; Hindi — Agctba, arani, mla- 
buiuh ; Bknc. — Hlitil-bhiravi, gauiari ; Mak. — 

Chaniari, khara-narvcl, nrmi ; (Jrj. — Molhi-arni ; 
'J''r.L. Pnmanli, iH’dda narva, gftcbbu nclli ; Tam. — 
Mtninay, miincy kifay ; Kan. -Eegigiduy agiiinianda, 
Idkkiic, bficlmnigc mara ; M\{.-- Munua ; Oriya- 
A guy a bat, bliuto bairi, 

Assam — Gendvri, ganioli ; Kiiasi — Dicngdah- 

marzvai ; Nkpal Gincri, 

A large, thorny, deciduous shruh or a tree, up to 
9 111. in height, common along the Indian and the 
Andaman coasts ; it also occurs in the plains of 
Assam and in Khasi hills. Roots light brown or 
yellowish lirown, woody, aromatic ; leaves elliptic- 
ovate, sometimes puhesceiit ; llowcrs greenish yellow 
or greenish white, with a strong disagreeable odour, 
in terminal corymbose cymes ; drupes globose. 

Considerable confusion exists regarding the correct 
botanical nomenclature of this well-known plant. It 
has been recently shown that according to rules, the 
earliest valid name to he adopted under the genus 
Premua is P. obtusifolia, although an earlier lannean 
name, P. iutegrifolia, has been mentioned as a 
synonym. In fact this species is so variable in habit 
and shape of the leaves and calyx that it is still iiti- 
tlecided whether it is not a complex of several species 
(fVisherg. Taxon, 1953, 2, 88 ; Corner, 1, 705). 

The roots form a constituent of the well-known 
Ayurvedic medicine, Dasamula, used as a cure for 
ohstinati* fevers. They are prescribed as a laxative, 
stomachic, cordial and tonic. Commercial drug con- 
sists of cylindrical, solid pieces of roots, 6-8 cm. long 
and 4-5 mm. in diam., brown from outside and 
yellow from within, having a short fracture. The root 
hark has a characteristic agreeable odour. The fresh 
bark is at first sweetish but bitter and astringent 
later. The stipplics of the drug come mostly from 
Sundarbans and 'JVavancore. The roots of a few other 
species, such as P, coriacea C.B. Clarke and P. lali- 


folia are used as substitutes or adulterants (l)atta & 
Mtikcrji, Hull. Pharmacogn. ImI)., No. i, 1950, 113). 

The chief active principles are the three alkaloids: 
premninc (C,,II,;,()N, m.p. 82°), ganiarine (chlo- 
roplatinate, decomp. 239-41°) and gaiiikarine 
(CjbH^ON, m.p. 230-32° decomp.). Experiments 
conducted on frogs showed that premninc and 
ganiarine caused constriction of the blood vessels and 
raised the blood pressure, whereas gaiiikarine had no 
such sympathomimetic action. Premninc also causes 
dilatation of the pupils. The roots contain a yellow 
colouring matter, tannin, and an essential oil which 
is used in Ceylon for the treatment of colic. Recently, 
an antibiotic of phenolic nature (m.p. 155-58°) has 
been isolated from the fresh root bark. It was found 
to be .active against the Gram-positive organisms, 
such as Micrococcus pyogenes var. aureus, bacillus 
subtilis and Streptococcus liaemolyticus (Basil & 
Joneja, Indian J. Pliarm., 1949. 11 , 191 ; Chopra el al., 
ibid., 1956, 18 , 374 ; Crevost & Petelot, Hull. econ. 
Indocli., 1934, 37 , 1292 ; Wehmer, II, 1023 ; Lewis, 
305; Kurup & Kuriip, Natuneissensebaften, 1964, 
51 , 484). 

The leaves have an unpleasant odour but are eaten 
cooked : they are also used as a cattle feed. 'I’liey arc 
said to possess carminative and galactagogtie pro- 
perties, and are used in the preparation of a soup 
given as a stomachic. A decoction of the leaves is 
reported to be used in the treatment of colic and 
natulcnie, and that of the tender plants for rheu- 
matism and neuralgia. Aciueous extracts of the plant 
showed a powerful action on the uterus and gut of 
the experimental animals, causing a marked increase 
in their activity (Btirkill, II, 1807 : Rania Rao, 315; 
Misra et al., [.abdev J. Set. & Tcchnol., 1966, 4, 277). 

The wood is whitish with purple streaks, or light 
creamy brown to pale greyish white, pleasantly 
scented, iiKKierately hard (wt., 56 o- 8(K) kg./cu.m.), 
close-grained, and easy to polish. It is used for 
paddles, knife handles, small cabinets, and turning 
and fretwork (Gamble, 535 ; Ilaine.s, IV, 716 ; Burkill, 
II, 1807 ; Lewis, 305). 

P. tomentosa Willd. BAsrAun 'Fkak 

D.E.P., Vl(i), 338 : FI. Br. Ind., IV. 576. 

Mar. Chambara ; Tel. — Kampu gummadi, 
nagaru, naravu ; Tam. -Kolakot tat It ekku, pinari, 
podanganari ; Kan. — Ijc, iti, naruvalu, narave ; 
Mal. — Katutekka ; Oriya — Kotusumonlhi, moria, 
jhandakai. 

Sanial — Kotokoi. 
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A moclirarc-si/cci, (icculiioiis tree, up to iS in. in 
height, commonly met with in the Deccan Peninsula, 
ascending up to an altitude of c. i,20f) m. : it has also 
been recorded from Bihar and Orissa. Bark greyish 
hrown nr vellowish : leaves ovate, densely coaled with 
tomentum, aromatic : llowers greenish yellow, in 
|)anicled ( (iryinhs : dru|)es ovoid, 1-4 seeded. 

riu* leaves are considered to po.ssess diuretic pro- 
perties and are used in dropsical alfections. 'I'heir 
<lecocfion is given after child-birth. 'I'he pounded 
leaves are said to possess vulnerary |>roperties (l.ewis, 
^05: Dymock, Wanlen & Hooper, III, 70: Burkill, 
il, 1807 -oS). 

On steam distillation, the leaves yielded a light 
yellow essential oil (av., 0.07%) with a pleasing 
odour and burning taste. The oil showed the follow- 
ing characteristics: d',““ , 0.8740; , 1.4S62; 

1^1]““ , -1-31.4^'' ; acid val., o; ester val., 8.9: and 
acet. val., 14.9. Ir contained : d- and r//-Iimonene. 
57.8 : jS?-caryophyllene, 17.2 : a cadalcne-typc se.s(|iii- 
terpene, 7.8 ; a sescjuiterpene tertiary alcohol, 5.6 ; 


and a diterpene, 5.5V'. (Laxmi Narayan & Muthana, 

/. Indian Inst. Sci., 1953, 55)- 

An extract of the inner hark is slated to he used 
to arrest rliarrhoea. and a decoction of the roots is 
given in stomachache. The roots are reported to 
yield an aromatic oil which is also used in stomach 
disorders (Burkill, II, 1S07 08; Kiri. & Basil, III, 

*929). 

The wood is liglit brown or light greyish hrown, 
moderately hard, hi‘avy (wt., 8oo-(/)i kg./cu.m.), 
close- and even-grained, smooth and durable. It 
seasons without mucli diiliculty and takes polish well. 

It resembles teak and is used for hoiisi- building, 
furniture, combs, weaving shuttles, turnerv, carving 
and fancy work. It is also suitable for rafters aiul 
temporary .structures. 'The wood is used as fuel 
(Gamble. 536: Burkill. 11. 1807: Da.stiir, Useful 
Flant.s. 172 : Lewis. 31/)). 

P. divaricaia Wall, ex Schauer is a sprawling shrub 
or climber, with ovate or elliptic leaves and white 
globose tlrupes, found in the South Amlamans. 'Llie 
leaves are eaten : they are also used for the treatment 
of colds. I’he fruits are reported to he poisonous 
(Burkill. II. 1806). 

R UnifrijoUa Roxb. (Wv.su,- C,nhnra ; Assam- 
(rohra-hliodia : G.Win -GanihnIlhaprap: 

(Utyhcli : Lkpcha Sunf^na) is an evergreen tree, with 
ovate leaves, met with in (Laro hills of Assam. The 
wood is greyish hrown, hard, heavy (wt., 752- 
Soi kg./cu.m.) and close-grained, and is used for 
house-posts. 

R niillcflora C.B. C’.larke (Ku.\s\ --Dirn^-phorri ; 

(jAKo — (lanibhariskhal) is a tree, up to 2 m. in girth, 
with den.se corymbs of small flowers, found in 
Goalpara distritt. and in the Garo, Khasi, North 
Cachar and Mikir hills of Assam. The wjumI is used 
for house-posts ; it possesses unpleasant smell and is 
said to be resistant against pe.sts (Kl. Assam, HI, 475). 

R pyraniidata Wall, ex Schauer is a moderate- 
.si/ed (leciduous tree with greyish hrown hark, re- 
corded from Sihsagar district of A.ssam. 'I'he wood is 
hard, heavy (wt.. ^40-863 kg./cu.m.) and close- 
grained. It seasotis and [lolishes well, and is suitable 
for turning and carving, weaving shuttles, bobbins, 
and toys (Troup, II, 778 : (L'lmhle, 536). 

Prickly Pear — srr Opuntia 

Prickly Poppy — srr Argemone 

Primrose — srr Primula 

Primrose, Evening — srr Oenothera 
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PRIMULA I .inn. (Primtdaccae) 

A large genus of perennial herbs distributed in the 
north temperate zone, with the largest number of 
species fourtd in the Sino-llimalayan region. More 
llian 150 species have been recorded in India. 

(Commonly known as Primrose, species of Primula 
arc of great horticultural interest and arc grown for 
their attractive llowers which may be single or 
double, and of varied colours — white, pink, rose, red, 
blue or yellow. Primroses generally thrive from 
medium to high elevations and can he grown in the 
plains only in cold season under semi-shady situa- 
tions. They flourish in rich sandy soils with good 
moisture, preferably with an acidic reaction. 'I'hoiigh 
perennials, they are treated as annuals under culti- 
vation, and have been found suitable for pot culture. 
Propagation is done by seeds. In the plains, seeds are 
sown in Septemher-October, and on the hills in 
March-May. Propagation by cuttings or division is 
practised to perpetuate desired varieties (Bailey, 
1947, III, 2782-H3 : Gopalaswamiengar, 456 57 ; 
Cliittenden, III, 1664 ; Desai, 146). 

'raxonomically the genus has been classified 
diirerently by various authorities into several sections 
or subgenera. Recently even the genus Androsace 
Linn, has been merged with this genus. Genetically, 
species of I lie genus are interesting for their hetero- 
sty ly leading to flower dimorphism |Watt, /. R. hart. 
S(H\, 190405. 29 , 295 : Balfour, ibid., 1913-14, 39 , 
128 ; Smith & Forrest, ibid., 1929, 54 , 4 ; Pax & Knuth 
in Das Pflanzenreich, lleft 22. 1905, 17; Smith & 
Fletcher. Trans, hot, Soc, Kdinb,, 1939-40, 33 , 122, 
209: 1943 -47, ’ *949’ Malc- 

siana. Set*. I, 6(2), i86|. 

Species of Print ula abound in the inner Himalayas ; 
a few are found in the outer .southern ranges. They 
vary greatly in stature, flower and habitat. Most of 
them are considered poisonous to domestic animals, 
which do not feed on them while grazing ; conse- 
(jiiently Primula species are abundant in the 
Himalayan region (Nakao, 10, 47-4^). 

P. denticulata Sm. 

FI. Br. Ind., Ill, 485: Bailey, 1947, HI, 281x1; 
Coventry, Set*. I, PI. XXIX. 

A perennial herb with stout rootstock found 
throughout the temperate Himalayas from Kashmir 
to Bhutan at altitudes of 2,i(x>-4,o5o m. and in Khasi 
and Jaintia hills at 1,500 m. Leaves radical, oblong- 
spathidate, 5-10 cm. long; flowers lilac, blue, or 
mative, borne in clusters on stalks 10-30 cm. long. 



Hot. Sure. Imiia. Photo : M. .1. Ron 


I‘IG. 89-PRIMULA DENTICULATA— IN FLOWER 
\ 

This is the commonest and most widespread 
.species in the Himalayas at elevations between 2,100 
and 2,7(X) m., covering often large tracts with its 
llowers from March to May. It varies greatly in size 
in different localities. It is one of the hardiest and 
coinmone.st Primula sp. in cultivation and includes 
numerous varieties and horticultural forms. It is 
easily raised from seed or by division (Walt, ]. R. 
hurt, Soc., 1904-05, 29 , 295; Ludlow, ibid., 1951, 76 , 
191 : Chittenden, III, 1672). 

The flowers of P. dnilicttlala are said to be regu- 
larly eaten in salads in Bashahr and the powder of the 
roots held to be of value in killing leeches. The roots 
are 0.5-3.2 mm. thick and have an acrid taste. Their 
froth number and haemolytic index, which are 5,(xx) 
and 66,(xxii respectively, indicate that they can be 
used as a suitable sidistiiute for roots of Polygala 
senega. A new anthocyanidin, hirsutidin (a 7-mcthy- 
lateil anthocyanidin) has been isolated from the plant 
(Watt, loc. cit, ; Shah & Sukkawala. /. sci, industr. 
Res,, 1961, 20c, 57 ; Harborne, Nature, Lond,, 1958, 
181 , 26). 
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P. reticulata Wall. 

O.E.R, Vl(i), 339; FI. Br. Ind., HI. 483: Kirt. & 
Basil, PI. 575A. 

Kitmaux — Hishkopra, jalkutm, 

A perennial, scapigerous herb found in the central 
and eastern Himalayas in Nepal and Sikkim, at 
altitudes of 3,3cx) 4,5tx) in. Leaves long-petioled, 
oblong-cordate, crenate ; flowers yellow, whorleil, 
sliglitly fragrant. 

The plant is considered |)oisonous to cattle. It is 
reported to produce dermatitis in some individuals. 
It is used externally as an anodyne (Miienscber, 187 : 
Kirt. Basil, IT, 1473). 

P, rosea Roylc 

FI. Br. Tnd., IH, 485 ; Coventry, Ser. T, 61, PI. XXX. 

A glabrous herb wdth elliptic or obovatc radical 
leaves found in the western Himalayas from Kashmir 
to Kulu and Carhwal, growing in marshes, sides of 
streams and in ravines near melting snow, at 2,700- 
4, (XX) in. Flowers bright or pale rose red, borne in 
umbels. 

This is a very hardy species sbow'ing variations due 
to environmental factors and under cultivation. 
Glycosides of peonidin and a new anthocyanidin 
(probably 7-inetbyl peonidin) named rosinidin have 
been isolated from the plant (Smith & Fletcher, 
Trans, R, Soc, Edinh,, i(j^2-43, 61, 64 : Harborne, 
Nature, Land., 1(^58, 181, 26). 

P. sinensis Lindl. Ciiinkse Pkimkose 

Bailey, i(;)47. IIT, 27(;i, Fig. 3176 71;. 

A short woody plant, native of China, with very 
variable habit, reported to be cultivated in gardens 
in Uttar Pradesh, Nilgiris and Bangalore. Leaves 
radical, rolimdnte. lobed ; scapes erect, exceeding 
leaves in length, bearing flowers of varying colours 
in umbels. 

This species includi's a large number of cultivated 
types, with large fringed flowers of blue, white, red. 
rose, orange-red, scarlet or carmine-purple, borne in 
clusters. Examination of both the floral and foliar 
parts of the different genotypes of this species indi- 
cates the presence of all the six common anthocyaiii- 
dins, and also the three flavonols, kaempferol, (pier- 
cetin and inyricctin (Harborne & Sherratt, Nature, 
I^md., 1(958, 181, 25 : Sherratt, ibid., 1958, 181, 26). 

Some species of Primula collected from the 
temperate Himalayas have been reported to be deli- 
cately perfumed. Amongst them mention may be 
made of P, sikkhnensis Hook, f., P. stuartii Wall.. P. 
clongata Walt, and P. listeri King, the last one having 


a remarkable smell, reminding the odour of Gem- 
nium rohertianum. One species, P. ohtusifolia Royle, 
very common in Sikkim, is reported to have a strong 
metallic smell, .so overpowering that it causes severe 
headache. The nature of these ])erfTimes is nor known 
(Watt, /. R, hurt. Sac., 1(904-05, 29, 2(;5). 

A large number of species, other than those 
alirady mentioned, are reported to be grown in 
Indian gardens. Among the important ones are; P. 
auricula Linn.. P. elatinr Hill, P. japonica A. (irav, 
P. malacoides Franch., P. ohcotiica Haiue. P. veris 
Linn. syn. P. officinalis Hill, and P. vulgaris Huds. 
.syn. P. acaulis Hill. Some of these are valued medi- 
cinally. The roots of P. vulgaris are rejioried to be a 
strong and .safe emetic. T'be roots of veris are 
considered as a substitute for Senega (Pol\gala senega) 
root.s. Handling of plants of P. oheonica is said to 
cau.se .severe (lermatitis (Firminger, 466 : Vishnu 
Swamp, 1 15: De.sai. 146: Steinmel/, 1 . 69: 11 , 362: 
Clapbam el ai, 630: Miienscber, 187). 

Some of the above mentioned species are reported 
to contain .saponins of the trilerpene type. The roots 
and rhi/.omes of P. veris and P. elatinr contain a 
saponin, yielding the sapogenin jirimulagenin A 
(G.iol A Havonol glycoside named primula- 

(lavonoloside (probably a dirbamnoside of kaemp- 
ferol) has been reported in the flowers of P. veris. All 
the .six common anthocyanidins have been detected 
in the flowers of one or other of the Primida species. 
Flowers of P. oheonica contain deipbinidin 3,5-(liglu- 
coside. The leaves of P. oheonica (ontain an allergenic 
sulxstance primin, in the .secretion of their glandular 
hairs, which produces .skin irritations in some jiersons. 
Primin is highly toxic and produces irritation at 
concentrations of ().oi-(>.(>2 mg. |FI. Malesiana, Ser. 
1 , 6(2), 173: Sherratt. Nature, Lond„ [(/(jS, 181, 26, 
Harborne, ibid., i(;5S, 181, 26: Webmer, II, 922]. 

PRINSEPIA Royle (Rosaceae) 

A .small genus of deciduous .shrubs distributed in 
the Himalayas, China. East Pakistan and Formosa. 
One species occurs in India. 

P. utilis Royle 

l).E.P., vr(i), 339: Fl. Br. Ind., II, 323: Curtises 
hot, Mag.f k;52 53, 169, PI. 1(^4. 

Hi.ndi Bekkra, hliekal, cherara, dliatila, jliatela, 
karanga, krungora, mhat, 

Hi.machal Pradk.sh — Annul, hekkli, garandu, 
gurinda, kharngura, pliukvara, tatua : Gariiwai. — 
Bhekor : jAVSsAH -Bliekoi, hliek ; KiiA.sr Sohmon- 
rit, diehg-sia-soh-khar. 
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FIG. 9(^-PKIN.S^lPIA UTILIS-FLOWKHING BRANCH 


A I horny shrub, up to 3.5 m. in hcighi, distrihutod 
throughout the Himalayas and in Khasi and Jaintia 
hills of Assam, ascending to an altitude of about 
3,tMH) m. : it has run wild in the Nilgiris since its 
introduction, leaves elliptic or lanceolate, up to 
12.5 cm. long: ilowers yellowish white, in axillary 
racemes: drupe ohlicjiie. ellipsoid, 1.3-1.!^ cm. xi.o 
cm., deep-purple to almost black, flesliy ; putamen 
(stone) ellipsoid, smooth, enclosing a .single brown 
seed, having thick oily cotyledons. 

"riie shrill) thrives on opeti sunny situations, and is 
often grown for hedges : it has a slow rate of 
grow’lh and is alTected by defoliators. The leaves are 
lopped for fodder, wliich is not of a higli (|ijalily 
|Bor, 65: Gamble, 316; Mathur & Balwant Singh, 
Indian For. Bull., N.S., No. 171(7), 1959. 58 : l.uaiiric, 
Indian For. Lcafl., No. 82, 1945, 15I. 

The seed kernels yield 37.2 per cent of a semi- 
drying and pale yellow fatty oil having the following 
constants: sp. gr.‘‘’\ 0.9215; , 1-4625; iod. val. 

(f lanii.s), 109.8 ; sap. val., 2(X).2 : acid val., 23. t ; acet. 


val., 12.3 : Ilehner val., 89.3 ; and unsapon. matter, 
0.5'X.. The fatty acid composition of the oil is as 
follows: myristic, 1.8; palmitic, 15.2; stearic, 4.5; 
lignoceric, 0.9 : oleic, 32.6 ; and linoleic, 43.6%. 
Resin acid (1.4/0) is also present. Unsaponifiable 
matter contains sitosterol. Seeds are collected on a 
small scale during fime-Itily in Himachal Pradesh 
and the hilly districts of Uttar Pradesh for the extrac- 
tion of oil, which is used for cooking purpose and as 
an illuminant. Tt is reported to be suitable also for 
hydrogenation and soap making. The oil possesses 
rubefacient properties and is applied externally in 
rheumatism and pains resulting from over-fatigue 
jPuntambekar, /. Indian chem. Soc., 1942, 19 , 183 : 
Oils & Oilseeds J., 1951-52, 4(i2), 19]. 

The sapwood is white ; heartwood reddish, close- 
and cven-grainetl. compact, very hard and very 
heavy (wt., 1,105 kg./cu.m.), hut is liable to split. Tt 
is reported to be used as fuel, and occasionally for 
making walking sticks (Gamble, 316). 

PRIOTROPIS Wight & Arn. [I.e^iiniinosae ; Fafyilio- 
naeeae) 

Kl. Br. fnd., 11 , 65 ; FI. Assam, 11 , 9. 

A small genus of shrid)s from eastern Himalayas 
and Socotra. One species, R cytisttides Wight & Arn. 
(KiLXsi Dienfr-sia-kurie, dien^dolhtari). a somewhat 
bushy shrub, growing up to i. 8-2.4 height, is 

found in Khasi and Jaintia hills and along the foot 
of thi* hills in Goalpara and Kamrup districts. 
lA‘aves 5.0-12.5 cm.: leaflets ohlong-i'lliptic to lanieo- 
late : inflorescence terminal, short-stalked, copious 
with 10-5*) flowers : pods ohli(|uely obovate-ohlong, 
flat. It is usually found in the glatles and grasslands 
and along waterless belts. It is reported to he used as 
a green manure for paddy in Khasi hills (Manias & 
Joshi, Indian /. Genet.. 1954. 14 , 47). 

PRISMATOMERIS Thw. (Ruhiaeeae) 

FI. Br. Iiid., Ill, 159. 

A small genus of trees and shriihs distributed in 
South-West China, Indo-Malaysian region and 
tropical Australia, "^rwo .species occur in India. 

P. tel rand ra K. Schum. syn. P. albidiflora Thw. , 
I look. f. (FI. Br. Ind.) in part, is an evergreen shrub 
or a tree with elliptic-lanceolate leaves, fragrant, 
white flowers and dark blue fruits, di.stributed in 
Assam, North Bengal, Kerala and the Andamans, 
ascending up to an altitude of c. i,2(X) in. 

According to some authors P. maUiyana Ridl. dealt 
with by Burkill, is none other than P. tetrandra. The 
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juice of the leaves is reported to he used in stomach- 
ache. Fresh wounds are poulticed with the leaves 
(Comer, T, 553 ; FI. Assam, III, 80 ; Burkill, II, 
1808-09). 

Pristimera — see Reissantia 

PRIVA Adans. {Verheiuneae) 

FI. Br. Ind., IV, 565. 

A small genus of perennial herbs distributed in the 
warm regions of both the hemispheres. One species. 
P. cordifolin (Linn, f.) Druce syn. P. leptoslaeliya 
Juss. : C. B. Clarke. (FI. Br. Incl.) in part, is found 
nearly throughout India up to 900 m. on the hills. 
It is an erect, branched, pubescent herb, 15-90 cm. 
high, hearing ovate or elliptic, crenate-serrate leaves, 
white flowers in long racemes and ohcordate and 
echinate pyrenes. 

An infusion of the leaves is reported to he used in 
Africa to cure inflammations of the eye-ball. A 
paste of the ground seeds is applied to sores (Watt 
& Breyer-Brandwijk, 1053). 

Privet — see Ligustrum 

Privet, Egyptian — .sec Lawsonia 

Proso — see Panicum 

PROSOPIS I anil. [Leffinfiinnsae ; Miuiosaceae) 

A genus of shrtdxs and trees distributed in the arid 
parrs of the tropical and sidvtropical regions of the 
world. 'I’wo .species occur wild in India : an exotic 
species, P. cliilensis, has become naturalized in many 
parts of the country. 

♦P. chilensis Stuntz syn. P. jidiflnra HC. Mksquu k 
Raizada & Chatter ji, ludiau For., iys4» ^15- 
PI. I. 

I IiNDi- -F/ 7 r/\v/// kikkar, krihuli kikkar, vil(i\ah 
babul, vilavati khejra. 

A very variable, evergreen spiny or sometimes 
unarmed tree or shrub, with drooping branches, 
found either in a wild or cultivated state in the drier 
parrs of India. Bark greyish brown ; leaves hipinnate 
with 2-4 pairs of pinnae: |)inniiles 10-46 pairs, 
5- 20 mm. long : flowers small, yellowish in dense 
spikes: pods yellow, 10-25 cm. x 8-15 mm., straight 
or falcate. Hat or cylindrical, often with transverse 
depre.ssions between the seeds ; seeds 10 -30 in a poil, 

• Some authors consider /*. chilt'nsis and I*. julifUnit as two 
distinct s|)CcieK. In most Indian floras, /'. chilvnsis var. 
has been treated as a distinct species, /^ filaiuiulnsu Torr. 
(Streets, 638-39). 


ovoid, llattened, 7 mm. X 3 mm., hard, yellowish 
brown, shinv. 

P. chilettsiK, usually a small tree, which may attain 
a height up to 20 m. under favourable comlitions, is 
often reduced to a shrub in very «iry situations. Its 
low branching and husliy form in the early stages, 
together with its excellent coppicing power, make it 
a very suitable soil hinder and wind breaker. It is al.so 
grown for shade and hedges. 

'Phis species iiK hides a nmnher of varieties and 
forms. 'I'he two imjioriant varieties well known 
are var. veluliua Staiidley and var. ghmdulosa 
Standley besides the typical one, var. chilcitsis. Var. 
velutina is said to he a nuire useful timber variety, 
reaching a height of 16 m. and a diameter of 0.6 m., 
while var. fffattdulosa is the most popular for allore- 
station purposes. Var. ^laudulosa has stout axillary 
thorn.s, while the typical variety is usually unarmed. 
Five forms, viz. Argentine. Arid. Mexican, Peruvian 
and Australian have hei‘n introduced into India. 

'The mesc|uites are fast -growing, hardy and 
drought-resistant trees, with remarkable coppicing 
power. They are suitable for the aflorestation of arid 
and semi-arid lands, and come up well even in saline 
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and rocky areas, 'rheir ability to grow in dry places 
is attributed to the size and density of their crown, 
extensive lateral root system, and stout tap-roots, 
which penetrate the soil to a depth up to 20 m. or 
even more. Austere re(|uirements of the plants, their 
rapid growth, comparative immunity to grazing, 
and low cost of crop production have brought these 
species into prominence in afforestation. All of 
them yield good (piality firewood ; flowers are a source 
of nectar for bees. Pods provide fodder and are eaten 
during famine |Standlcy, 1658; Kaul, Indian For., 
1956, 82, 569 ; Shah, ibid., 1957, 83, 472 ; llarbhajan 
Singh, Indian Fnig, N.S,, 1954--55, 4 ( 3 ), 16 ; Krochmal 
ct al., Econ. Rot., 1954, 8, 14 ; Schery, 407, 544I. 

Mes(|uite thrives in a dry climate and is a prolific 
seed bearer. It starts fruiting at the age of 3-4 years, 
and a lo-year old tree may yield up to 90 kg. of pods 
annually. The pods have a tough pericarp, consisting 
of a waxy exocarp, a spongy mesocarp and a cartila- 
ginous endocarp, enclosing the seeds in lomentaceous 
segmenis. 

As the cartilaginous inner lining of the pod does 
not allow the seeds to escape easily, natural regenera- 
tion through seeds in the normal way is slow, but 
the seeds that pass out undigested in the droppings 
of animals sprout readily under favourable environ- 
ment. Natural regeneration also takes place through 
root suckers. 

Artificial regeneration is effected either by seeds 
or vegetatively through root and shoot cuttings. For 
procuring seeds, the pods are collected in May-June 
or in September-October. They may be broken into 
one-seeded segments for sowing, or the seeds may 
be separated by the use of mechanical separators. 
Treatment of the pods with hot water or acids 
facilitates separation of the seeds (Kaul, Indian For., 
1956, 82, 569 ; llarbhajan Singh, loc. cit. ; Whyte 
ct al., 316; Murthy, Andhra agric. 1954, 1 , 13; 
Sundararaj ci al., Madras agric. /., 1966, 53, 259). 

The seeds collected in May-June may be sown 
soon after collection, but those collected in 
September October should be sown in the beginning 
of the following April. For line fencing, the seeds 
may be sown in two adjacent rows about 50 cm. apart 
with a spacing of about 30 cm. between the sowings. 
Transplanting of one-year old, nursery-raised seedlings 
during the rainy season is preferable to direct sowing 
(II:irbhajan Singh, loc. cit.). 

Experiments have indicated that root and shoot 
cuttings with a minimum diameter of 1.25 cm. at the 
collar and a length of 10 cm. give satisfactory results. 



FIG. 92— PROSOPIS CHII.ENSIS VAR. GLANDULOSA-IN FLOWFR 
AND FRUIT 


Pre-rooted stumps, consisting of about 2.5 cm. long 
stem and about 25.0 cm. long root, obtained from at 
least one-year old seedlings give better results. 'The 
stumps arc planted in eartlien lubes, 30 cm. x 10 cm., 
which arc placed in sunken beds and watered at 
intervals. With the first shower of I he rainy season, 
they arc planted at the site (Kaul, loc. cit.). 

The spongy walls of ripe pods are highly nutritive. 
They arc a fair source of (ligeslible protein and arc 
of importance as a stock feed ; the .seeds, however, 
are not digested. In America, pods after removing 
the seed and coarser parts are used as a staple food. 
They are ground into a meal and made into cakes, 
or used for making an alcoholic beverage ; seeds are 
ground into powder for preparing bread. Analysis of 
the ripe pods gave the following values (dry matter 
basis) : total digestible nutrients, 70.5 ; digestible 
protein, 6.9 ; ether extr., 4.3 ; carbohydrates, 50.3 ; 
crude fibre, 30.8 ; mineral matter, 4.6 ; calcium, 0.3 : 
and phosphorus, 0.2%. Feeding trials have shown 
that dry pods can be utilized as a concentrate to make 
up for the protein deficiency of such roughages as 
wheat- and rice-straw. When fed in the dried and 
crushed state, the pods did not show any deleterious 
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effect on cattle (Record & Hess, 318 ; Burkill, TI, 
1810 ; Whyte et ah, 316 ; Krochmal ct ai, Econ. Bot., 
1954, 8, 6 : Hedrick, 455 ; Indian For,, 1943, 69 , 483 ; 
Madras agric, /., 1955. 42 , 451). 

The foliage also can be fed to livestock lx)th in 
fresh condition and as hay ; but in the villages of 
Gujarat it is reported that fallen dry leaves, if eaten 
along with grass, have a toxic effect on the animals. 
Analysis of a sample of air-dried leaves from 
Bangalore gave: moisture, 7.1 ; crude protein, 26.3; 
crude ether extr., 8.5 ; N-free extr., 31.8 ; fibre, 24.8 ; 
and mineral matter, Carotene content of the 

green leaves is 4.4 mg./ux) g. The leaves arc rich in 
plant nutrients, especially nitrogen, and are, there- 
fore, useful as green manure. They contain : nitrogen, 
5.6; phosphorus (P^O;.), 0.9; potassium (KjO), 3.11 ; 
and calcium (CaO), 1.0%. The leaves contain 0.8 per 
cent of a dark green wax (m.p. 74.5°). Aqueous and 
alcoholic extracts of the fresh leaves show a marked 
antibacterial activity against Micrococcus pyogenes 
var. aureus and Bacillus coli. Aqueous extract of 
leaves is reported to have toxic effect on tomato 
seedlings (Paul, Trop, Agriculturist, 1953, 109 , 27 ; 
Range Gowda & Ramaswamy, Indian For., i960, 96 ^ 
432: Miller, 146: Idnani & Clubber, Sci. & Cult., 
1952-53, 18 , 362 : Kurtz, /. Amcr. Oil Chem. Soc„ 
1958, 35 , 465 ; Shankarmurthy & Siddiqui, /. sci. 
induslr. Res., 1948, 7B, 188 ; Bennett & Bonner, Amer, 
J. Rot., 1953, 40 , 29). 

The tree exudes a gum, consisting of nearly smooth, 
light yellowish brown, more or less opaque tears, 
which arc translucent and glassy when fractured. 
The gum forms a somewhat adhesive mucilage and 
can he used as an emulsifying agent. It also finds use 
in confectionery and is sometimes employed for 
mending pottery (Claus, 1961, 79 : Krochmal et al., 
Fxon, Bot., 1954, 8 , 14, 17). 

The mesquite gum is used as an adulterant and 
substitute for gum arabic. It is inferior to gum arabic, 
from which it differs in not precipitating from 
a(|ueoiis solutions when ferric chloride, lead sul> 
acetate or sodium borate .solution is added. It readily 
undergoes hydroly.sis when treated with dilute 
sulphuric acid, yielding i.-arabinose and D-galactose 
(both in crystalline form), and 4-0-methyl-u- 
glucuronic acid in the molar ratio of 4:2; i. Owing 
to the high content of arabino.se, which is ea.sily 
separable, the gum has proved to be an excellent 
source of this sugar (U.S.D., 1955, 2 ; Smith & 
Montgomery, 20, 284-85 ; Whistler & Smart, 315 ; 
Mantel 1, 72). 


Me.squite wood has limited utility as the timber is 
available only in small sizes. The wood is dark brown 
in colour, often with a purplish hue, somewhat 
odorous, irregularly-grained, coarse-textured, very 
hard, .strong, heavy (wt., 768-929 kg./cu.m.) and 
durable. It is easy to work, finishes to a smooth surface 
and takes a fine polish. The timber is used for fence 
posts. In tropical America, the timber is employed 
for house building, railway cro.s.s-tics, furniture and 
turnery. A proce.ss for the manufacture of hardboard 
sheets, from the mesquite fibres, without a hinder, has 
been patented in U.S.A. (Record & Hess, 318 ; For. 
Ahstr., 1954, 15 , 348 ; Client. Abstr., 1959, 53 , 19390). 

Tannin is present in the dry wood (o.qVo), hark 
(3.(>-8.4%), and roots (6-7V1.) (Chem. Ahslr., 1957, 51 , 
9803 : Range Gowda & Ramaswamy, loc. cit. ; 
Wehmer, I, 493). 

P. cineraria Druce syn. */^ spicigera Linn. ; ■\ Mimosa 
cineraria Linn. 

D.E.P., VI(i), 340 : FI. Br. Ind., TI, 288 ; Talbot. I, 
Fig. 267, 268. 

Hindi — /rtiu/, chaunkra, khar, khejra ; Bf.ni;. — 
Shami ; Mar. Shemri, saunder ; Guj. Sami, semru, 
khijado, liamra, kandi ; Tel. — Jammi cliettu ; Ta.m. 
— Perumbay, jatnbu ; Kan. — Banni, perumbai ; Mai.. 
— Parampu, tamhu ; Oriya — Shami. 

A small to moderate-sized tree, evergreen or nearly 
so, with light foliage and rather slender branches 
armed with conical spines, found in the dry and arid 
regions of India. It does nor ordinarily exceed a 
height of 12 m. and a girth of 1.2 m., the maximum 
recorded being 18 m. and 5.4 m.. respectively. Bark 
grey, rough, exfoliating in thin flakes ; leaves bipin- 
nate, usually with 2 pairs of pinnae: pinnules 7-12 
pairs ; flowers small, yellowish, in slender spikes : pods 
10-25 t-rn-X5-io mm., cylindric, torulose or flattish 
with coriaceous cxocarp ; seeds 10-15 in a pod, olv 
long, compres.sed, with moderately hard, brown testa. 

The tree prefers a dry climate and the most 
important areas of its distribution are characterized 
by extremes in temperature. In Punjab, P. cineraria 
occurs throughout the alluvial plains and within 
this region the tree occurs most plentifully in the 
drier areas where the normal rainfall is 10-25 cm. 
In peninsular India, where the normal rainfall is 
found to vary from 50 to 90 cm., the tree is gregarious 
but is .scattered in open dry forests : in .some localities, 

* Mantissa Plaiit.*iruiii, I, 1767, 68; fl^'scribcd .is Mitnosa 
vinerea in Species Plantanini, 1753, I, 517, but corrccteil t<i 
Mimosa vineraria in a later edition. 
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it occurs on black cotton soil in association with 
other trees. 

The tree is a liglit Hemander. "^rhe young seedlings 
are sensitive* to frost : older plants are drought- 
resistant. Natural regeneration through seed is 
confined to moist places, hut in tlie dry situations 
the tree regenerates itself hy root sucki’rs. The seeds 
retain their viability for at least a year and their 
dispersal takes place hy water, or through birds and 
animals which eat the sweetish pulj) and avoid the 
seeds. 

Artificial rcgcniMation through direct sowings on 
lands, either subject to occasional floods or under 
irrigation, has been found to he (piite successful. An 
initial s|)acing of about 2 m. is generally adopted 
which may he increased to 6 m. in tlie coupe. The 
trees can also he successfully raised hy sowings in 
conjunction with field crops on irrigated land. Growth 
of the seedlings for the first few years is slow, hut 
suhsecjuent growth up to an age of 40-60 years is 
moderate : the tree attains an average girth of about 
So cm. in v> yt'ttts. In dry areas, where reproduction 
through seeds is not practicable, regeneration is 
effected hy coppice shoots. The young trees coppice 
well, hut the rate of growth of c<»ppice shoots 
deteriorates as the trees grow older. Several insect 
pests affecting .seeds, twigs, timber and roots have 
l)een recorded ; ainotig others, species of Sinox\Iou 
and Chrysnhnthris bore into the dead wood and cause 
wood rot |Troup, IT, ; Wadhwani, Itulian For., 

'9.53- 43:* ; Mohan, ibid,, 195S, 84, 127 ; Mathur 

& Balwani Singh, hulimi For. Bull., N.S., No. 171(7), 

1959' 59l- 

'I'he sapwood is large and white : heart wood scanty, 
brown to purplish brown, straight to slightly inter- 
locked-grained, medium coarse-t ext tired, strong, 
tough, very hard and heavy (wt., 769-945 kg./cu.in.). 
The wood seasons well with care *, 2.5 cm. thick planks 
take 16-20 days to kiln-season and retpiire to he 
steamed at least twice, during the course of drying, 
in addition to the initial and final steamings at 
55”/i(x) per cent R.TT. for 2-4 hours. '^Ilie wood is not 
durable and is liable to insect attack, ft turns w'cll 
and, considering its hardness, is not difficult to saw 
and work, finishing to a smooth surface and taking 
paint and polish well. The data for its comparative 
.suitability as limber, expressed as ])erccniages of the 
same properties of teak, are: wt., no; .strength as a 
beam, icx> : stiffness as a beam, 85 : suitability as a 
po.st, 80 : shock-resisting ability, 165 : retention of 
shape, 60; shear, 175; and hardness, 130. 


The wood is suitable for interior construction work, 
such as columns, roofs, doors and windows and for 
wheels and htd)S of carts, agricultural implements, 
tool handles, small turnery articles and well-curbs. In 
dry and arid regions, it is a source of fuel (calorific 
val. : sapwood — ^5.003 cal., 9,007 B.t.u.), and is used for 
making charcoal. The wood ash which contains 31 
per cent of solid)le potassium salts, may be used as 
a source of potash |Chowdhury & Ghosh, Indian For. 
Rcc.f N.S., Util., 1946, 4(3), 17 : Rawat & Rawat, 
Indian For. Rcc., N.S., Timb. Mcch., i960, 1, 187 ; 
Gamble, 288 : Rehman, Indian For., 1956, 82, 252 ; 
Sekhar, ibid., 1955. 81, 724 : Limaye, Indian For. 
Rcc., N.S., Timb. Mrcli., 1954, 1, 58, Sheet No. 17 ; 
Prasad & Dange, Indian For. lA^afl., No. 95, 1947, 
14-15, 20 : Kri.shna & Ramaswami, Indian For. Btdl., 

N. S., No. 79, 1932, 20]. 

The pods are u.sed as fodder for livestock. Before 
they are ripe, they are rich in a sweetish farinaceous 
pulp, which is consumed as food, especially in limes 
of scarcity. 'Hie pods are eaten green, dried or after 
boiling and are considered to p()s.scss astringent, 
demulcent and pectoral pro|)erties (Ilarhhajan Singh. 
Indian J. agric. Sci., 1945, 15, 300). 

The hark has a sweetish taste, ft is reported that 
during the severe famine of Rajputana in 1868-69, 
many lives were saved hy the use of hark as a .source 
of food : it was grouiul into flour and made into 
cakes. The hark as well as the galls, formed on the 
leaves, are u.sed for tanning. The leaves are much 
lopped for fodder. They are also useful for green 
manuring. T'hey contain: N, 2.9 ; phos|)horus (P.X).). 

O. 4: pota.ssium (KT)), 1.4: and calcium (CaO), 2.8“,'.. 

The flowers are mixed with sugar and administered 
to prevent miscarri.age, Palulitrin, a flavone glycoside 
(m.|). 252-53°), has been isolated from the flowers 
(Trotter, 1940, 277 : Idnani & Chihher, Sci. c-V Cult., 
*9.*)- 53* .3^2 : Kirt. & Basu, 11,911 • Sharma ct al., 

Indian J. Chem., 1964, 2, S3). 

The tree exudes a gum, which resembles the 
mcs(|uite gum, from the cut ends of branches. The 
gum occurs in small, angular, friable, yellow frag- 
ments, or sometimes in large ovoid tears, about 5 cm. 
long. The tears have frosted appearance and are inter- 
nally amlx'r-colourcd, cracking to pressure because 
of the presence of numerous minute cracks. They 
form with water a dark coloured tasteless mucilage 
of about the same viscosity as that of gum arahic 
(Dymock, Warden & Hooper, I, 550). 

P. stcplianiana Kunth is a spiny shrub or a small 
hu.shy tree, founil in parts of Punjab and Gujarat. 
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The thick pods are brown in colour and usually 
become swollen and contorted due to gall formation. 
They arc used in Afghanistan and Iran for tanning 
and as fodder. The pods and roots arc stated to 
possess astringent properties and are used in 
dysentery, ft has been reported tliat the pods may 
yield a substitute for w'ood-shavings used in various 
industries for thermal insulation and acoustic control. 
The seeds yield 2-3 per cent of a fatty oil (Parsa. 
Qualit, Plant. Mat. Peg., i960, 7 , 99 : Narayanamurti, 
Indian For. Pull., N.S., No. 207, 1955, 41 : Mensier, 
467). 

PROSORUS Dalz. (Fuphorhiaceac) 

A small genus of trees distributed in the Tndo- 
Malaysian region. One species occurs in India. 

P. indicus Dalz. syn. Ph\llantlius indicus Miiell. Arg. 

D.E.P., Vr(i), 221 : FI. Br. Ind., V, 305 : Worthing- 
ton, 372. 

Kax. — Hannu nanne, kali-kudai, pan nana. 

Assam — Gunamala, lukora. 

A moderate-sized, deciduous tree, up to 18.0 m. 
in height and 1.5 m. in girth, occurring along the 
streams and in swamps in the sub-Hiinalayan tracts 
of Kumaun, and in Assam, Orissa and the western 
ghats from Konkun southwards. Bark greyish white, 
smooth, papery, exfoliating in large flakes ; leaves 
broadly elliptic or oblong. u|) to 20 cm. x 7 cm. : 
flowers dioecious, in fascicles ; ca|)sules globose, 6 
12 mill, in diam. : seeds purplish blue, arillate. 

The wood is reddish white, close- and compact- 
grained, tough, hard and heavy (wt., 865 kg./cu.m.). 
It shows well-pronounced, wavy, medullary rays in 
the radial section and can he worked to a smooth 
finish, ft is used for building purposes and is suitable 
hn* minor decorative work and turnery ('ralhot. IT, 
^43: Howard, 454). 

The leaves are reported to contain an amor|)hous 
alkaloid (lleyne, T, 905). 

PROTIUM Burm. f. {Bursrracrar) 

A genus of trees, occasionally shrubs, distributed 
in tropical America and from Malaga.sy to Indo- 
Malaysian region. One species occurs in India. 

P. serratum Engl. syn. Rurscra serrata Wall, cx Colehr. 
Indian Ria> Pe/\r 

D.E.P., T, 948: El. Br. Tnd., T, «>^o ; Bor. 
PI. XXnT(i). 

Beng.— f?///go/v// ; TFA..—Chitreka : Okiva -Ninh 
burn, nimhuramoi, sonipotri moi. 


Assam — Mirlcnga ; Kiiasi — Dit n^-solMuir ; Ecsiiai 
— Ril ; Gako — Thikring : Mi ndaki Kandcur darn. 

T RADE — A/ urtenga. 

An evergreen tree, up to 15 m. in height and i.S m. 
in girth, with 5 6 m. long (up to 12 m. in Btirma). 
straight, (ylindrical hole, found in Assam, Bihar. 
Orissa and Andhra lV:*<lesh. Bark gr<‘y or brownish, 
fibrous: leaves imparipinnate: leaflets 7.5-14.0 cm. 
long, ovate to oblong, sometimes elliptic-lanceolate, 
more or less serrate ; flowers small, greenish, in 
panicles: drupes globose, 1.3- 2.0 cm. in diam., red. 

The tree occurs commonly along the streams, in 
ravines, or on rocky ground in cord situations, and is 
occasionally planted in gaifiens. Natural seedlings 
spring up in moist places and young trees withstand 
moderate shade. The tree coppices well and is a good 
alternative host for Kusumi strain of the lac insect, 
especially for growing AglianI crop. The fruits are 
pleasantly acidic and are edible |Tronp. 1 . 174 : 
Parker. 71 : FI. As.sam. I. 223; Mathiir & Balwant 
Singh. Indian For. RnlL, N.S., No. 171(7), 1959, 60: 
Purkayastha & Krishnaswami. (Uirr. Sci., 1961. 30 , 
' 53 l- 
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Sapwood is light brown ; hcartwood is bright red 
when first exposed, turning brick red or dull brown 
with age, narrowly interlocked-graincd and frequent- 
ly wavy-grained in the radial plane, even- and 
medium-textured, fairly strong, tough and heavy 
(sp. gr., c. 0.77 ; wt., 72f)-Soi kg./eu.in.). The wood 
can be seasoned well with care. Kither girdling or 
green conversion is advocated ; in case the latter 
method is followed, the timber should be converted 
early in the cold weather and placed in a shed in 
fairly close piles. It is durable, especially under 
cover : graveyard tests indicate a life of 5-10 years. 
The wood is very refractory to treatment, side and 
end penetration of preservative being practically nil. 
It is not difficult to saw and can be worked to a 
smooth shiny surface. If sawn on the quarter, the 
interlocked fibre presents a handsome appearance, 
especially after polishing (Pearson & Brown, I, 224 ; 
Rodger, 52 ; Purushothain et ah, Indian For., 1953, 

79,49:18:39^1963). 

The limber is used for house construction, chiefly 
for door and window' frames and ceiling planks, posts 
of tem|K)rary sheds, solid wheels and shafts of carts, 
ploughs and furniture. It is reported to he suitable 
also for decorative work, turnery, carving and cabinet- 
making. and for plywood. In Burma, it has been 
used for railway sleepers (Pearson & Brown, I, 226 ; 
How'ard, 102 ; Rodger, 52). 

Proustite — see Silver Ores 

PRUNUS Linn. (Rosaccae) 

A large genus of deciduous or evergreen trees and 
shrubs, distributed chiefly in the temperate regions 
of the northern hemisphere. Many species are in 
cultivation for their edible fruits and a few for their 
edilde seeds. A large number of them are valued as 
ornamentals on account of their showy flowers. 
About 19 species occur wild in India and a few others 
have been introduced and grown for their fruits. 

The genus includes a large number of stone fruits, 
viz. apricots, cherries, plums, peaches, as well as the 
almonds. These are well-marked groups, some of 
w'hich have been regarded as distinct genera by 
various authors. However, in all recent treatments 
the splitting of this genus into several genera is not 
favoured and the entire genus is dealt with under a 
smaller or larger number of sul>-gcnera and sections. 
Recently, the genus Pygeum has also been reduced to 
a sulvgeneric status under this genus (Rchder, 1949, 
318-50; Mansfeld, 135 -44; Kalkman, Bhmiea, 1965- 
66, 13 , 1-115). 


P. amygdalus Batsch syn. P. communis Fritsch ; 
Amygdalus communis Linn. Almond 

D.F.P.. VI(i), 342 ; C.P., 905 ; FI. Br. Ind., II, 313. 

Hindi, Benc;., Mar., Punjabi — Badam ; Tam. — 
Vadamkotlai ; Tel. — Badam viitulu ; Kan. — 
Badami : MM..—Vatam-kotla. 

A tree, up to 8 m. high, with oblong-lanceolate 
minutely serrate leaves ; flowers solitary, pink or 
nearly white, 2 -5 cm. across, showy and appearing 
before or with the early foliage ; fruit a drupe, about 
3-6 cm. long, pubescent, with tough flesh splitting at 
maturity, exposing the pitted stones ; endocarp thin 
or thick ; seed flattened, long, oval, with a brownish 
seed coat. 

This species includes three varieties, viz. var. 
amvfrdalus, var. amara (DC.) Fockc and var. sativa 
(Ludw.) Fockc. The first one includes wild types 
found in West Asia, Greece, and North Africa ; the 
second and the third include a large number of 
cultivated types, var. amara comprising mostly the 
Biitek Almond and var. saiiva the Sweet Almond. 
The almond is said to he originally a native of 
ceniral and western Asia, w'here it is reported to he 
found wild even at |)resent. It is said to have been 
cultivated in China as early as the loth century b.c:. 
and in Greece in the 5th century n.i:. At present it is 
cultivated throughout southern Europe, in U.S.A. 
(California), Australia and South Africa. In India, 
the almond is cultivated in Kashmir at elevations of 
760- 2,400 m. and is said to he one of the princi})al 
crops in this region. I'lie ])resent area under this crop 
is estimated at 2,joo hectares with a production of 
5,600 (|uintals. A smaller area of about 200 hectares 
is under this crop in Himachal Pradesh. There are 
excellent possibilities of growing this crop in the cool 
and dry areas of the latter State, especially in the 
Chilli area and to a lesser extent in Lahul ; trial 
cultivation is reported to have given good results. 
The almond is said to have been extensively planted 
in some of the hilly areas of Uttar Prade.sh also, hut 
the fruiting has not been very encouraging due to 
heavy rainfall which is characteristic of these are<is. 
It is estimated that about 5,(xx) hectares arc devoted 
to almond and walnut in Uttar Pradesh but separate 
figures are not available |Man,sfcld, 139; Howes, 
1948. 105, 1 10-12 ; Hill, 356 ; Sham Singh et ah, 354 ; 
Singh, Gardening, i95<^59, 1(5), 26 ,* Information 
from the Directorate of Fruit Utilization, Uttar 
Pradesh]. 

Cultivated types of almond suffer from one or 
more drawbacks such as having a very hard or very 
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soft shell, giitniiiy kernels, fruits that cannot be 
easily jarred or knocked off from trees at harvesting, 
and many other undesirable characters. Desirable 
characters which are found occurring among some 
almond types are, late blooming, full bearing, good 
qualities for harvesting, hulling and shelling, a high 
degree of resistance to pests and diseases, and general 
excellence of kernel. The aim of the almond l)recder 
is to combine as many of these good qualities as 
possible in a few types, eliminating at the same time 
any drawback that they suffer from (Crane ct aL, 
Ycarb, /IgriV*.^ U.S. Dep, /IgriV., 1937, 865 ; Woml, 
C/rc. Calif, agric, Ext, Scrv„ No. 103, 1937. 1-96 ; 
Zhukovsky, Euphytica, 1965, 14, 177). 

Besides types grown for their fruits, this species 
includes a large number of ornamental types, some 
double flowered, white flowered or with variegated 
leaves ; iliere are also dwarf and weeping types. In 
some countries, these trees, grown mainly for orna- 
mental purposes, have given fair yield of almonds. 
Almond flowers are valued for nectar and pollen by 
beekeepers (Bailey, 1947. Til, 2832 ; Howes, 1948, 

i97-2(X)). 

Both ihe bitter and sweet almond types are grown 
as orchard crops, the former being mostly used in the 
commercial preparation of oil of hitter almonds and 
also as rootstock for the latter. The sweet almonds 
arc classified into three groups — Hard-shell types, 
Soft-shell types and Paper-shell [Khagzi or Rumali) 
types, depending upon the thickness of the shell. 
There are no standard types of almond in India ; the 
almond trees cultivated in India arc mostly of seed- 
ling origin and as such, highly variable. However, 
some well-known types introduced from U.S.A. are 
being grown in orchards along with the seedling trees 
of local origin. 'J’he most im|)ortant introduced types 
are: Non Parcil and Thin-shcll (Paper-shell types); 
l.X.L. and Nc-Plns-Ultra (Soft-shell types) ; and 
Drake (Hard-shell type) (Zielinski, 169 ; Sham Singh 

355)- 


Ci'i/nvAiioN 

Climate and Soil — The almond re(|uires a cold and 
dry climate, hut a fairly warm weather during its 
ripening period. A rainfall of about 60 cm. or more 
is re(|uired for good cropping. As it flowers very early 
in the spring it is successful mainly in areas where 
there is minimum of spring frosts. The greatest 
injury to the flowers and the setting fruit is said to 
occur when frost follows one or more days of 
warm weather, while a constant low temperature 


may do no harm. 'Fhere are, however, late blooming 
types which have greater chance of escaping such 
frost. The tree is deep rooted and recpiires a deep, 
fertile, welUl rained soil. It is said to he comparatively 
more tolerant of drought hut most intolerant of 
standing water (Sham Singh cl al., 355 : Mustafa & 
Janjiia. Indian Fmg, 1942, X 539 : Bailey, 1947, 1 , 250). 

Propagation — ^The common practice in India is to 
raise the trees from .seedlings. Seeds which are usually 
collected during july-Septemher are kept in a cool 
and dry place till the follow^ing December before 
sowing. Some artificial practices are adopted to break 

the nuts at a low tempe- 
rature for about two months. Seeds are sow'ii in 
nurseries and .seedlings transplanted after one year 
(Sham Singh et aL, 357). 

Budding and grafting are also employetl to raise 
plants of cho.sen types, the rootstocks commonly used 
being bitter or sweet almond, apricot, peach, jdiim 
and myrobalan plum seedlings. Almonds are said, 
however, to do their best on almond stocks, the hitter 
almond .stock giving, according to some, the better 
tree. Budding is done when the .seedlings are 2-3 
months old and are about 20-30 cm. high. Crafting 
is done hy tongue or whip grafting when the stock 
and scion are of etpial thickness, or hy crown or bark 
grafting when stock is thicker than .scion (Sham 
Singh ct al„ 358 ; ("handler, 1957, 362 ; Wood. loc. 

The trees are planted 6-8 m. apart in circular pits 
I m. in diameter. Even in areas having about 60 cm. 
of rainfall, periodic irrigation during dry summers is 
.said to be helpful. The plant has a rather high 
nitrogen reejuirement and when nitrogen is deficient 
many of the flowers either fail to set fruit or when 
fruits do set, they yield very small almonds. Applica- 
linn of organic matter and nitrogenous fertili/ers is 
.said to give increased yield (Sliam Singh ct al., 361 ; 
("handler, 1957, 363). 

The almond tree tends to grow large, with long 
branches which may become very heavily loaded witli 
fruit. The tree is preferably pruned to a modified 
leader system. The fruit is borne largely on short 
spurs, which remain productive up to five years and 
pruning of surplus branches may he done to about 
one-fifth of the old bearing wood in hearing trees 
(Thapar, 78, 1 15 : Chandler, 1957, 364). 

Trees which begin to show a gradual decline in 
production due to age, disease or imj)r()per rootstock 
may temporarily he rejuvenated hy being severely 
cut baclc at the top. A more profitable procedure. 


the resting period by chilling 
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gfiKTiilly, is to intci'plant the old dedininj^ orchard 
with young trees and to remove the older trees as the 
voimger ones come into hearing (Wood, Icjc. cil.). 

PolliiKilwti — As all the types of almond are said to 
l)e self-sierile, and some are i ross-incom|>atible also, 
it will he heneficial to jdanr compatihle types in the 
orchard, lliis |)rohlem will not, of course, arise when 
only seedling trees are grown or when hndded or 
grafted plants are grown along with the seedling 
plants. A good arrangement is to plant three row's of 
main type and one row of tlie pollinating type. The 
types to he planted in an orchard slioiild also he 
studied w'ith regard to their period of hlooming so 
that they blossom together for ellective pollination. 
Keeping hives of the honeydjee in the orcliard during 
the hlooming |)eriod is recommended, as the polli- 
nating activity of wild hees alone may not In* 
sullicienr [Wood, loc. cit. ; Sham Singh ci ///., 359; 
(’handler, 1957, 3^0; Muttoo, ludiftfi J. Hart., 1950, 
7 , (3-4), 17 ; Miikherjee Sliah, nhnm hal Hart., 
i9'>i-62, 2 & 3 , 149I. 

Disrasrs and - Shot hole caused hy Cdastcra- 
sl)ariunt carlyapliilnni (Lev.) Aderhn white spongy rot 
caused hy Fames lividns Kl., brown patchy rot of leaf 
caused hy Fliyllasticta pnniiada (Spi/) Sacc., brown 
rust caused hy Sphacrathcca pannasa (Wallr.) I^ev., 
and a mosaic disease caused hy a virus are reported 
to occur on the almond in India (Indian J. a^ric. Sci., 
19^0, 20, 107 ; Bishi Gupta, Sci. c'fr' Cnlt., 1962, 28 , 
* 7 «)- 

The chrysomelid, Mimastra c\annra Hope, and the 
almond weevil, Myllacerns lactivirens Marshall, 
which feed on the leaves are two of tin* more im- 
portant pests of the almond in this country. Spraying 
with a suitable stomach poison during the premon- 
soon period is said to prove helpful. 'Hie San Jo.se 
scale, Qnadraspidiatus pcrniciasns Comstock, is 
reported to he a minor pest on almond. It attacks 
the almond in its early stages when it can he 
controlled hy spraying w'ilh miscible dormant oils or 
with diesel oil emulsion. Biological control of this 
pest with the aid i)f selected predators and parasites 
is being tried succe.ssfidly in Himachal Wadesh. 
riieir mode of infection and control are similar to 
that described under a|)ple (Mains) (cj-v.). The 
almond moth. Fplicstia cantrlla Wlk, infests shelled 
almonds as well as a number of other dried fruits like 
apricot, peach, plum, currants, dates and ligs [Priithi 
iV Baira, Ball. Indian C<nin. a^ric. Res., No. 80, i960, 
1,2. II ; Sham Singh ct ai, 362 : (’hatrath, Himachal 
Hart., 1961-62, 2 & 3 , 53 : Jolly, ibid., 1961-62, 2 & 3 , 


163; Sharma & Bhalla, ibid., 1961-62, 2 & 3 , 235; 
Sharnia & Kumar, ibid., 1965, 6(2-3), 5 * Chhotey 
Singh, Indian Hart., 1962-63, 7(3), 6], 

Ciiininosis of fruit and premature fruit drop arc 
said lo he caused hy a deficiency of copper and boron, 
and have been reported to affect almond trees in 
Uttar Pradesh. Application of these elements in the 
form of sprays one week after fruit set is said to have 
given favourable results. Non-infectious hud failure 
or crazy-lip, characterized hy failure of leaf buds to 
grow, is thought to he a generic disorder that affects 
certain types of almond, like Non Pared and Peerless. 
The affected branches eventually become unproduc- 
tive. Top working of the affected trees with scions 
from trees that do not have the disorder is recom- 
mended |Srivastava & Bose, Fertil. News, 1964, 9 (H), 
27 : Wilson. Calif. /Igr/V., 1961, 15 , 5]. 

Harvestinfr and Yield — ^The almond crop comes to 
liarvest from July to September. When the fruits 
ripen the husk or flesh splits open, exposing the 
stone. The fruits are harvested at this stage before 
the stones begin to fall. The harvested fruits are 
cleaned of the dried skin hy hand in this country, 
while in the larger orchards of California in U.S.A., 
machinery which works on a rolling and rubbing 
principle is employed. After being cleaned, almonds 
are dried in the sun for a short time ; over-exposure 
to sun is avoided as the shell may turn dark and un- 
attractive. They are often bleached hy exposing the 
steamed material to sulphur fumes to give the surface 
of the shell a bright golden yellow colour. While 
proper bleaching does not affect the flavour in any 
W'ay, over-bleaching may cause the kernel to deterio- 
rate and taste .soapy, besides giving a (fuller colour 
(Sham Singh et al., 361 : Wood, loc. cit. : Chandler, 
i(;57. 362; Kirk & Othiner, IX, 560; How'cs, 1948, 
io8-(x;). 

Almond trees are said to bear light crops in three 
to four years of planting and reach optimum produc- 
tion in eight to ten years. Tlie average yield over a 
long period in C’alifornia is reported to be about 
4CK) kg. per hectare, though yields of 1.220 kg. and 
even more are said to be (piite common. In 
Baluchistan, an average yield of 2,375 kg. per hectare 
has been reported based on an average yield of about 
7.3 kg. per tree and about 325 trees per hectare. In 
Kashmir, the yield is reported at about 2.7 kg. per 
tree (Wood. loc. cit. : Sham Singh et al., 361 ; Mustafa 
Ik Janjua, loc. cit.). 

Grading— Grading standards for almonds have 
been developed in U.S.A. Almonds are graded into 
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several classes to meet the demand for specific 
purposes. In some types which are sold to the trade 
mostly in the shell, the main factors of importance 
for grading are size and appearance, hut in others 
the kernel content, i.c. the percentage of kernel in 
stone is the important factor. Shelling of the almonds 
and the suhsecpient grading of kernels is done in 
machines in U.S.A. (trading is done on a coimt-per- 
ounce basis, starting at iS-20 and running to 70 72 
kernels |)er ounce (Wood, loc. cit.). 

Storage- almonds will keep for six 

months or longer in a cool, dry, well-ventilated place. 
They can also he kept in cokl storage, either in the 
shell or in kernel form, at tein])eratures around freez- 
ing point and at a humidity of 70-75 per cent for 
well over one or more years (Wood, loc. cit.). 

Utilizaiion A\n CnF.MicAr. CoMPosinoN 

Almond kernels are often eaten fresh or as dessert : 
kernels obtained after blanching, roasting, frying 
and salting are highly esteemed. 'I'he kernels are 
extensively used in confectionery atul for the jtrepa- 
ration of almond milk. Almond paste matle from 
blanched kernels is used for the production of maca- 


roons, hut generally the kernels of apricot, peach and 
plum are .sulxstituted for those of almond, .\lmcnid 
oil extracted from sweet as well as hitter almonds 
is extensively used in confectionery and also for 
pharmaceutical and cosmetic })reparations. Almond 
flour made from tin- residue left after exjtressing 
almond oil, and almond butter are free from starch 
and are used for the pre|)aration of diabetic food, as 
well as in the manufacliire of cosmetics, soaps and 
detergents. Almond butter wbicb consists of ground 
roasted kernels to which salt is added can keep for 
a long time in vacuum-sealed containers. In some 
countries, almonds in the milky stage pi( keil from 
fruits still green and iminalure are eaten as dessert 
or are candied, preserved and pickled (Ilowes. 194S. 
1 12 : Winton cV Winton, 1 . 476 77, .|Si : Ktipptiswainy 
rt (tL, 99-100: von Loeseekt^. 1942. 555: Wood. l«)c. 

Almond kernels are considered highly nutritiotis, 
demulcent and stimulant nervine tonic in indigenotis 
medicine. They are also considered lit bout ripiic and 
diuretic, and their |M)ultice is useful for irritable 
sores and skin eruptions. 'I’be kernels are valuable in 
diets for peptic tilcer. 'rhe unripe frtiit is given as 



FIG. 94-PRLINUS AMYGDALUS-DIFFFRENT GRAOF.S OF AI.MONDS, UNSHEI.I.FO AND SHELI.EfD 
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an astringent application to the gums and mouth 
(Cliopra i t ///., I, 361 : Kirr. & Basil, 1 1 , 953 ; Chem, 
Abstr., 1964, 60 , 2229 ; I.P.C., 15). 

The percentage of kernel widely varies with type 
ranging from 33 in almonds with liard shell to 70 in 
those with papery shell. 'I’he kernels are a rich 
source of fat and proteins, and have a calorific value 
of 655 cal./ too g. Analysis of the kernels of Indian 
sweet almond gave: moisture, 5.2 ; protein, 20.8 ; fat 
(ether exlr.), 58.9; carbohydrates, 10.5; fibre, 1.7; 
and mineral matter, 2.9% : calcium, 230 ; oxalic acid, 
407 : pbosphorus, 490 ; iron, 4.5 : thiamine, 0.24 ; 
nicotinic acid, 2.5 ; and riboflavin, 0.15 mg./ 100 g. 
Ascorbic acid and vitamin A are absent. The kernels 
also i-ontain folic acid (0.45 p.p.m.), a-tocophcrol 
(15 mg./ UK) g.) and y-tocopherol (0.5 mg./ 100 g.). 
The carbohydrates present include sucro.se (4.4 4.7%), 
pentosans and hemicelhiloses : starch is absent. The 
mineral constituents in the kernels are : sodium, 5.8 ; 
potassium, 836 : calcium, 247 ; magnesium, 257 ; iron, 
4.23 : copper, 0.14: phosplionis, 442; sulphur, 145; 
and chlorine, 1.7 mg./ux) g. Iodine (2 /xg./ioo g.), 
manganese and zinc are also present. About 82 per 
cent of phosphorus occurs as phytic acid (Winton & 
Winton, I, 480, 485 ; Nutritive Value of Indian Foods, 
64. 99, 130; Sherman, 432 : Lambertson vt aL, /. Sci, 
F(] Agric,, 1962, 13 , 617: Thorpe, 1, 259; McCance 
& Widdowson, 83 : Iodine Content of Foods, 103 ; 
Kirk &L Othmer, IX, 556). 

The chief protein of almond is a globulin, amandin 
(N content, 19'';.) ; an albumin is also reported. 'Hie 
essential amino acid make-up of amandin is: 
arginine. 11.9: histidine, 1.6: lysine, 0.7: phenyl- 
alanine. 2.5 : leucine, 4.5 : and valine, 0.2 ',0. Trypto- 
phan (1.4“..), metliionine (o.y'V.) and cystine (o.8‘V,) 
are also present. Amandin has a high arginine 
content. At 9 per cent level of intake, almond 
|)rotein has a high digestibility co-ellicient (94“..), 
but comparatively low biological value (50.8’;,'.). 
It is believed to be a good supplemeiU to milk 
(Winton & Winton, T, 48 1-82 : Ktippuswamy c/ r//., 

99. 

On an average, the protein content in hitter almond 
kernel is about 10 per cent higher and the fat content 
about 10 per cent lower than in sweet almond kernel. 
The |)rimary chemical difference between the two 
types, however, lies in the high content (2.5-3.5'V.) of 
amygdalin in bitter kernel, the ripe sweet almond 
being free of this cyanogenetic ghicoside. Owing to 
the presence of amygdalin, which on enzymatic 
hydrolysis yields hydrocyanic acid, the bitter almond 


is not fit for human consumption. Amygdalin appears 
to be an intermediate product in the formation of 
protein during ripening. In sweet almond, owing to 
the active metabolism, the glucoside diminishes 
rapidly as the fruit ripens and disappears in the ripe 
kernel (Winton & Winton, I, 483 84). 

Expressed Ahmmd Oil — A fatty oil, known as 
Kxpressed Almond Oil or Sweet Almond Oil, is 
obtained by cold expression from the kernels of either 
variety of almond, sweet or bitter. Bitter almond is, 
however, the chief source of the commercial oil 
because sweet almond is too valuable to be pressed 
for oil, and further the press cake from bitter almond 
is used in the mamifacture of an essential oil (Ritter 
Almond Oil). The oil yield from hitter kernels is 
usually in the range 38 to 45 per cent and from sweet 
kernels 44 to 55 per cent. There is little or no dilference 
between the oils from the two ty])es. The expressed 
almond oil is a clear, pale yellow or colourless lu|uid, 
with a mild pleasant odour and a bland taste. It 
ordinarily rc(|uires no refining other than settling 
and filtration, and has excellent keeping rjualilies 
(Eckey, 456 58: Thorpe, I, 260: Jamieson, 32: 
U.S.I)., 1955, 45). 

The oil remains clear at - 10" and does not congeal 
until cooled to nearly -20''. Table i gives the range 
of charaeleristics of the almond oil. The approximate 
fatty acid composition is as follows; myristic, 1 : 
palmitic. 5 : oleic, 77 ; and linoleic, 17“,',. 'Hie oil has 
been estimated to consist principally of dioleins and 
triolein in the proportions of myristo-diolein, 3 ; 
palmiio-diolein. 14: linoleo-diolein, 52: and triolein, 
31. An examination of the oil (iod. val., 95.6) from 
sweet kernels from Kashmir showed the following 
fatty acid composition: myristic, 0.2: palmitic, 8.9: 
stearic, 4.0 : oleic, 62.5 : and linoleic, 24.4';.', (Eckey, 
457-58 ; llilditch, 1956. 364 ; Snbramanyan & Achaya, 
/. Sci. Ed Agric., 1957, 8 , 657). 

The e\|)ressed almond oil is seldom used as food 
becau.se of its high cost. Its principal uses are in the 
pharmaceutical and cosmetic industries. It is demul- 
cent, nutritive and slightly laxative. It has action 
similar to olive oil and is used in emollient prepara- 
tions including nourishing creams, skin creams, and 
cold creams. It is employed as a vehicle for oil 
injections. The oil is official in Indian Pharmacopoeia. 
The commercial product is often adulterated with 
the fatly oils from peach, apricot, or plum kernels 
which resemble it to such an extent as to make their 
detection difficult or uncertain (Eckey, 457 ; B.P.C., 
1963. 22 ; U.S.D.. 1955, 46 : l.P., 759). 
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TABLE 1— PHYSICOCHEMICAL CHARACTERISTICS OF KERNEL FATS FROM PRUNITS SPP. 



Almond krrni'l oil 

Aprirot kcriiol oil 

ChiTry 
kernri oiT 

IMiim kcriu'l oil 

IVarb krmd 
oil 


(') 

(*)t 

v') 

‘“'•i 

(■) 

I'l 


(') 

Sp. gr., 2.V/2.S’ 

<1.7 l.t (1.716 

0.72,S 
(at 20 ) 

0.712 0.716 

0.715 
(at 20 ) 

0.716 0.725 

0.711 0.716 

0.712 
(at IS.5 ) 

0.71.1 0.7 IS 

III 

"d 

1.46.1 1.46.^ 

1.472 

(at20 ) 

1.462 1.465 

1.472 
(at 20 ) 

1.466 1.471 

1.462 1.465 

1.471 

(at IS.5 ) 

1.462 1.464 

Arid v;il. 

0.1 .1.0 

1.5 

0.2 4.0 

20.1 

O.S 5.0 

0.5 .1.0 

1.2 

0.4 .1.0 

Sap. vat. 

ISH 177 

200 

ISS 200 

174 

170 I7S 

ISH 175 

172 

IS7 174 

tori. vat. 

74 lO.S 

77 

77 107 

100 

MO ns 

100 NO 

71 

75 no 

R.M. val. 

0 0.4 


0 0.6 


o..t 

0..1 



Polcnskc val. 

0.2 0.« 


0.1 0.5 


0.2 

0..1 


0..1 0.5 

Unsapon. matter, 

0.4 1.0 

1.0 

0.4 1.4 

1.2 

0.4 0.7 

0.4 0.7 

1.6 

0.7 


' Kikc’V, 45S ; 'M);iiik <7 al., liulian Oilsfcds J., I%4, 8, 110; 'M)hin};r:i & Imliau Soaf) I7.S2 .SS, 18, 1ST. 

• /*. cvrasus. | Indian snmplo. 


Hiller Alnioiid Oil 'Vhv press cake, left after 
expression of ilie faity oil from Inttcr kernels, is the 
source of ilie essential oil. Bitter Almond Oil (Oleum 
Amygdalis Amarae). The essential oil does not exist 
as such in the seeds htit in the form of the glucosidc 
amygdalin lo-NO,;, matulelonitrile gentiohio- 

side). For commercial |)roduclion of the oil. the 
powdered press cake is macerated with to parts of 
water for about 12 hours at 50 60”. Under the 
inlluence of the enzyme eimilsin, which is present in 
the kernels and freed by crushing of the latter, the 
glucoside gets hytlrolysed into henzaldehyde, hydro- 
cyanic acid, and glucose. Upt>n completion of hydrev 
Ivsis. the material is steam distilled. To olnain 
the maximum yield of oil, it is necessary to redistil 
the distillatioti water, because hen/aldehyde, the chief 
constilueni of oil. is tpiite soluble in water. The press 
cake yields on an average 1 per cent of oil correspond- 
ing to about 0.5 per cent from the kernel : oil yields 
up to 0.8 per cent have been obtained from the 
kernel. 'Hie residual powdered tnaterial can he 
pressed into cakes and used as cattle feed ((Juenther, 
V. 49 ; Thorpe, f, 261 ; I'innemore, 370). 

Jiitter almond oil is a colourless, highly refractive 
litpiid, possessing the typical odour of crushed hitter 
almond. On storage, the oil turns yellow in colour. It 
should he smelt with caution because of the presence 
of hyilrocyanic acid. The physico-chemical properties 
of the oil vary within the following limits: sp. 
gr.“;?:, 1.049-1.058; , inactive to 4-0.2®; 

*•5403-1 -5435 I l)enzal(iehyde content, 8 1.3-93.2 'V. ; 
hydrocyanic acid content (including henzaldehyde 


cyanohydrin). 2. 1-4.0",, : .solubility. 1-2 vol. in 707^ 
alcohol and 5-6 vol. in 50",, alcohol. Sotiie samples of 
oil have been reported to eontain as high as 14 per 
cent hydrocyanic acid ((hienther, V, 50 ; Uhopra rl 
(tL, I, 361). 

Bitter almond oil cotiiaining hydrocyanic acid 
finds limited use in medicine as an antispasmodic 
and sedative. Dissolved in 50 limes water, it is 
em[>loyed externally in |)rurigo senilis and other cases 
of troublesome itch, 'fhe oil from whicli hydro- 
cyanic acid has been removed is used for flavouring 
purposes. Such a product is prepared by healing the 
oil with a mixture of calcium hydroxide and ferrous 
sulphate, when hydrocyanic acid is precipitated as in- 
soluble calcium ferrocyanide. and then redistilling. 
The purified oil of hitter almonds (Oleum Amyg- 
dalae Amarae, sine Acido Prussico) consists almost 
entirely of henzaldehyde and may justly he called 
natural henzaldehych*. It contains also traces of some 
either substances which are n-spon.sihle for its finer 
odour and flavour as compared to synthetic henzal- 
dehyde. 'The purified oil constitutes an important 
flavouring agent for use in jiharmaceutii al emulsions, 
confectioneries and candies ; it has been used to 
conceal the taste of cod liver oil and castor oil. How- 
ever, for the .scenting of cosmetics, soap, and for use 
in perfumes, the much lower-priced .synthetic henzal- 
dehyde is now' almost exclusively employed (U.S.l)., 
1955, 44 : von I.,oe.secke, 1942, 367 ; (hienther, V, 

52-54)- 

.Syntlu'lic iK-n/aldchydc- is iisi-d as an adidti-r.mr 
for biltiT almond oil. The kernels of apricot, peach, 
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t lu rry. and plum yiM essential oils which are pracli- 
cally identical with the hitter almond oil. Bulk 
of hitter almond oil of commerce is now derived from 
apricot kernels which are lower-priced and yield a 
hi^lier amount of oil ((Jueniher, V, 4S ; IVessler & 
J«),slyii. 380). 

Shells and Hulls- The almond slidls (cn(l<K':ir|)) 
have been used as adulterant for spices, and for fur 
cleaning and metal linisliing. 'I’hey liave a calorific 
value of S.364 B.t.ii. and are employed as fuel in 
power houses, riicy arc also used as poultry litter, 
mulching material for plants and as soil conditioner 
in agriculture. The shell is ground to powder and 
mixed with commercial fertilizers to provide hulk 
and improve their free-Mowing characteristic. The 
shells of almonds as well as pits of apricots, cherry 
and peach are used in soft grit blasting for purposes 
of cleaning moulds and machine parts in various 
industries. Powdered shell charcoal is used tooth 
powder (Winton & Winton, 1, 480, 485 ; Clark & 
Lathrop. Bttr. aifric. indust r. Chnn., LKS. Dep, /IgWc., 
AIC-352, iy5j. 4. 20-22, 26, 32). 

Almond hulls (fleshy pericarp) contain: moisture, 
7.5 : total sugars, 25.6 : reducing sugars, 7.2 : tannin, 
4.4; protein, 2.6-4.7 : starch, 1.6: pectin, 2.4: ether 
extr., i.i 1.2 ; crude fibre, 12.6; and ash, 4.6 6.5%. 
They ;ire reported to he suitable for the production of 
a table syrup, feed for livestock, and for tanning 
\Clicmtirg, Diir., 1950, 9 ( 2 ), 13; Clinn. Abstr, 1948, 
42, 6471 ; Sci. 'Ni'ws Lett., Wash., 1947, * 5 -]* 

Miscellaneous Uses — 'Phe tree exudes a gum which 
has been employed in place of tragacanth. ft is 
obtained mostly from the trunk and larger branches 
of old trees which are adversely affected by its exuda- 
tion. Almond gum hydrolyses into i.-arahinose (4 
parts), o-xylose (2 parrs), ii-galactose (3 parts) and 
i)-glucuronic acid (i part): aldohio-uronic acid is 
present (Smith & Montgomery. 275). 

Almond flowers give 0.013 jter cent of a concrete 
which yields 42 per cent absolute atid 12 per cent 
essential oil. 'Phe concrete contaitis cresol, eugeiiol, 
caproic acid, phenylacetic acid, i-decanol. geraniol, 
and |)henyl ethyl alcohol, besides .acetic acid in com- 
bined state. "I'he leaves contain (|uercitin. cy.anidin, 
kaempferol and calfeic acid (( 7 /cm. Absir., 1953. 
7736 ; Bate-Smith, J. Linn. Hoc., Bot., 1961-64. 58, 39). 

The wood (wt.. 689 kg./cu.m.) is dull reddish 
brown with darker veins and is said to he occasion- 
ally used in turnery and inarejuetry. The root of 
almond tree is said to he discutient and alterative 
(Howard. 18 : Kirt. (S: Basil. IT. 954). 


TABLE 2-lMPORT AND EXPORT OF ALMONDS 
(Qty in thousand kg. and Val. in thousand Kk.) 


tiiiporl Kxport 
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\ 

Val. 

(.)iy 
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l%t) 61 
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24,079 

* 

2.0 

l<;61 62 

.^,925 

16,674 

2.0 

2.5 
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* 

1.7 

1%.^ 64 

.U22 

16,694 

2.0 

2.5 

1%4 65 

.ViM) 

18,994 

* 

0.6 

t%.S 66 

5,660 

20,577 

58.5 

285.4 

1966 67 

2,1.17 

14,499 


0.5 

l%7 68 

4,244 

26,746 


0.5 

• Sm.'ill 






Trade — I^arge ([iiantities of almonds are imported 
into the country every year. Afghanistan and Iran 
are the main supplying countries with Afghanistan 
supplying the major pan of the total imports followed 
by Iran : Iracp West Pakistan and Italy are some of 
the other countries which have .supplierl small (pian- 
tities in some years. Table 2 gives the total (|uantity 
and value of almond imported into this country 
during the recent years. Very small (juatitities of 
almond and almond oil are also exported. 

P. armcniaca Linn. CIommoxN Apricot 

D.K.P., Vl(i), 344 : C.P., 905 : FI. Br. Ind., II, 313. 

Hl\di Zardalu, khubani, chuari, kushniiaru. 

PuNjAB I lari y sari, cliuli. 

A moderate-sized tree, about 10 ni. tall, with a 
reddish hark, found almost naturalized in the north- 
western Himalayas, particularly in the valleys of 
Kashmir. Chenah. and Kiilii and in Simla hills 
at altitudes up to nearly 3 .o(K) m. Leaves ovate to 
round-ovate or sometimes siih-cordate, 5-9 cm. long; 
flowers pinkish white, borne singly and appearing 
much in advance of the foliage ; fruits round, c. 5 cm. 
across, piihesceiit when young, hut nearly glabrous 
at maturity, with a yellow skin overlaid with red ; 
flesh yellow to yellowish orange, firm and sweet, 
mostly free from the flat, ridged stone : kernels sweet 
in some types and hitler in others. 

Phe apricot is said to he a native of C'hina and the 
central Asiatic region, from where it has spread to 
India, Iran, Lgypt and Greece by way of Armenia. In 
Kinnaur (Himachal Pradesh) a recent census has 
shown that there are c. 72,000 wild trees, producing 
al'#out 2,550 tonnes of fruit. The areas devoted to culti- 
vation of apricot are: about 600 hectares in Kashmir, 
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375 hectares in Himachal Pradesh and i,6(x> hectares 
in Kiimaun ; in these areas, some introduced types 
from America and Europe arc cultivated. Apricot 
cultivation has not succeeded in South India 
(Chandler, 1957, 353; Zielinski, 129; Thapar, no; 
Dang ct «/., Indian Oilseeds /., 1964, 8, no; Hayes, 
436 ; Information from the Directorate of Agricul- 
ture, Himachal Pradesh). 

Apricot is grown in most countries of the temperate 
regions of the world. It is susceptihle to frost an<l is 
cultivated only in warm temperate areas, where there 
is little danger from spring frost or severe freeze after 
warm spells. Commercially important apricot pro- 
ducing areas are: U.S.A., Spain, France, Italy, 
Turkey, Morocco, Iran, Africa, and Australia. Large 
proportion of the crop in trade is in the form of 
dried, frozen, canned, or pulped fruits (Hill, 391 ; 
Chandler, 1957, 353 ; Fruits, Commonwealth Econ. 
Comtn., 1965, 59). 

P, arnwniaca includes a numher of botanical 
varieties and cultivated types, some of them often 
considered as distinct species or suh-species. Among 
the important ones are: Black or Purple Apricot (A 
dasycarpa Ehrh. syn. P, armeniaca var. dasycarpa 
Koch), Russian or Siberian Apricot {P, sihiricn Linn.), 
Japanese A|)ricot (P, mume Sieh. & Zucc.), and 
Manchurian Apricot {P, niandscliurica Koehne). All 
these yield fruits eitlier small or of an inferior (juality 
than R anncniaca. Amongsi these, P, dasycarpa is 
said to he grown in Kashmir and is considered to 
possess considerable hardness of wood and bud. It is 
supposed to he a hybrid between P, armeniaca and 
P, ccrasifera. I\ sihirica and P. niandscliurica are 
reported to he more winter-hardy than P. anncniaca, 
P, niandscliurica enduring as Un\ a temperature as 
— 45"’. R niunic is grown more as an ornamental 
rather than for its fruit and is said to include douhle- 
llowered forms (Zielinski. 12S : Rehdcr, 462 : Mans- 
fcld, 138). 

Cultivated types of apricot are mostly introduced 
and have been successfully grown at varying eleva- 
tions in the Himalayas. Nezv Large Early, Shipley 
Early, Charniaghz, Turkey, Moorpark, Kaislia, St. 
Anihroise and Royal are types commonly cultivated 
in the hill districts of Uttar Pradesh, while Kaislia, 
New Castle, Safeda Paracliinar, and Ladakhi are the 
popular types in Himachal Pradesh. In the last type, 
the fruit is said to dry on the plant. Charniaghz is a 
popular type with a sweet flesh. Shipley Early, St. 
Ambroise and Royal are also recommended for 
cultivation in Himachal Pradesh (Chadha, Himachal 


Hort., i960, 1, 63 : Sham Singh et al, 341 ; Informa- 
tion from the Directorate of Fruit Utilization, Uttar 
Pradesh). 

The apricot is said to he comparatively less rich 
than other species in the numher of varieties and 
types available for breeding. All of them have 2n= 16 
chromosomes. The various types arc classified on 
three characteristics of the fruit, viz. sweet or hitter 
kernel, clingstone or freestone, and stone pervious or 
not. Some of the characteristics for which breeding 
has been done are: freestone, non-hrowning orange 
flesh, extended maturity season, winter-hardiness, 
larger fruit size aiitl disease resistance. Some of the 
types or species from the eastern regions of U.S.S.R. 
are characterized by high sugar content of fruits and 
the capacity for dry-curing to a certain extent on the 
tree. Many of the apricot types introduced into culti- 
vation are reported to have originated as chance 
seedlings. There are also a few, known as Plunicots 
and Cotplums. which are crosses with plum and some 
of these are said to he promising (Crane el al., Yearh. 
Agric., US. Ihp. Agric., 1937, 740 ; Zielinski, 130 ; 
Zhukovsky, Euphytica, 1969, 14, 177 ; Chandler, 1957, 

358)- 

CiLriViVnoN 

The apricot thrives well in areas with moderate 
summer temperatures, at altitudes of 850-1,700 in. A 
porous, light hut rich, well-drained loamy soil is said 
to he very suitable. Ajiricot plants are propagated by 
“T” or shield budding on wiki apricot or peach or 
inyrohalan |)luiii rootstocks. Plum stock is said to 
adapt the plant for growth in wet or heavier soils 
while the other two stocks adapt the plant for lighter 
soils. The plants are set 6 8 m. apart in the autumn 
or early s|)ring. Irrigation may he given in the early 
years of plantation, particularly in the dry season. 
Maniirial rei|uiremeurs of apricots arc similar to 
those of peach. The trees are pruned according to 
the modified central leailer system. The apricot is 
said to he a rampant grower and is kept continuously 
in check by proper thinning of surplus shoots and 
.shortening of new growth. When the fruit set is 
heavy, the crop is also thinned to leave not more 
than two or three fruits on each spur. Thinned crop 
is said to mature fruits more evenly and yield 
bigger fruits (Thapar, 1 10 ; Sham Singh et al, 342 ; 
Chandler, 1957, 357 * Copalakrishna & Ekbote, 
Punjab hort. /., 1962, 2, 167). 

Diseases and Pests — ^'Fhe apricot is said to he 
subject, to coral spot of wood, caused by Neclria 
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cinnabarina (Todc) Fr., brown patch rot of leaf caused 
by Phylloslkla prtmicola (Opiz) Sacc., spuigy heart 
rot caused by Polyporus liispidus (Bull.) Fr., and a 
brown rust, -caused by Puccinia primi-sp'mosae Pers. 
But none of these is said to be serious. Bacterial 
gummosis or canker, caused by Pseudomonas sp. is 
a serious disease reported on the apricot and other 
stone fruits like the cherry, peach and plum. Cankers 
appear on the trunk, branches and fruits, exuding 
large drops of gum. Field trials for control of this 
disease are said lo be under progress, but the only 
measure available at present is the removal and burn- 
ing of all infected wood as soon as the infection 
appears {Indian J. agric. Sci., 1950, 20, 107 ; Thapar, 
1 12; Agarwala, Himachal Hart,, 1961, 2 , 49; 
Anderson, 245~49). 

The weevil. Kmperorrhinus dcfolialor Marshall is 
said to become sometimes a serious local pest of fruit 
trees in Kulu. The chafer beetle, Anofuala polita 
Blanchard, is said to damage the shoots and leaves. 
The caterpillars of the moth Lymanlria obfuscata 
WIk., sometimes completely defoliate the plant. A 
number of pests of the dried fruit, like the saw- 
toothed beetle Oryzaephilus (Silvanus) surinamensis 
Linn., and the Chalcid, pAtrytoma samsonowi Vasiljev 
and others of lesser importance have been recorded, 
'riie lartc?r species is a serious pest in West Pakistan 
and adecpiate c|uarantine measures are necessary on 
land routes to prevent its entry into India |Pruthi & 
Batra, Bull. Indian Conn, agric. Res., No. 80, i960, 4 ; 
Sharma & Surendcr Kumar, Himachal Hort., 1965, 
«( 3 - 3 ). 5 l- 

In common with other stone fruit crops the apricot 
also is sometimes badly affected by sun scald. Tying 
straw all round the main trunk and pruning so as 
to induce low heading are said to he some of the 
preventive measures (Singh, Indian Fmg, 1944, 5 , 73). 

Harvesting — 'fhe apricot is self-fertile. The tree 
starts bearing when it is 4-5 years old and continues 
to hear well for 30-35 years, the yield of a full bearing 
tree varying from 35 to 75 kg. The problem of pre- 
harvest fruit drop is said to be very serious in apricot 
and spraying with suitable chemicals is recommended 
as a preventive measure. The fruit is harvested from 
May to July, when it has attained its characteristic 
colour hut is still firm enough to withstand transport. 
The apricot crop ripens unevenly and has to be 
harvested three or four times in order to obtain 
mature and best flavoured fruit. Thinned crop is 
said to mature fairly evenly, besides yielding bigger 
fruits. Picking is done by hand and the practice of 


shaking ripe fruit from trees is not recommended as 
the fruits are likely to get blemished or damaged 
[Thapar, 112; Sham Singh et al., 343 ; Gopalakrishna 
& Ekbote, loc. cit. ; Tressler & Joslyn, 583 ; Balbir 
Singh, Indian Hort., 1962-63, 7(2), i6|. 

Uni.rzAfioN AND Chemical CoMiH)smoN 

The apricot is used as a table fruit in the regions 
where it is grown. It is highly perishable and is 
preserved for use in a number of ways. In U.S.A., 
South Africa and Iran where the fruit is cultivated 
on a large scale, large quantities of apricot arc canned 
or dried. They arc also frozen, candied or made into 
a paste. In India, small quantities of apricot are 
processed in Uttar Pradesh (Table 3). In some 
countries, apricot pulp is cooked and thinly spread on 
cloth and then rolled and dried, and in this form is 
said to constitute an important food. Fruits of wild 
apricot {Zardalu) mixed with those of cultivated 
types are utilized in Himachal Pradesh in the produc- 
tion of a number of products like apricot jam, apricot 
nectar and apricot papad. In the preparation of papad, 
the fruit is made into pulp which is then dehydrated 
and pressed. The fruit of the wild apricot is also 
eaten fresh, or is preserved by drying after separating 
the pits. 

The kernels extracted from the pits during prepara- 
tion of dried apricots are a valuable hy-produci. 
They are utilized to express an oil used locally for 
cooking and burning. The kernels of some types of 
apricot known also as Chinese almonds arc sweet and 
are eaten like almond kernels. The kernel oil is also 
used as a substitute for almond oil. The cake left 
after pressing out the oil is used as mantire or fuel. 
The cake is also a source of an essential oil identical 
with that obtained from bitter almond cake ((|.v.) 
(Hill, 378; Thapar, 112; Information from the 
Directorate of lloriiculture, Himachal Pradesh ; 
Parsa, Qualit. Plant. Mat. Peg., i960, 7 , 100 ; Porter- 
field, Econ. Bot.y 1951, 5 , 30; Kester, ibid., 1951, 5 , 
38 ; Zielinski, 130). 


TABI.E l-QUANTITY OF .SOME STONE FRUITS USED FOR 
PROCESSING IN UTTAR PRADESH* 

(ill kR.) 




1^64 -6.S 

1965 66 

1966 67 

Apricot 


25,962 

20,505 

7,445 

Peach 


IO,!>78 

16,48.1 

10,222 

Plum 


11,576 

4,298 

1,570 

* Based on data 

from Mc.s.srs 

Kissan. Products Ltd 

Bareilly, 

U.P.. and 

the 

(Jovt. Fruit 

ProccssiriR Factory, 

Kamgarh 

(Naini Tal), 

IJ.P. 
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Apricot is a good source of sugars and vitamin A, 
and contains appreciable amounts of thiamine and 
iron. Fresh Indian apricots yield 86 per cent of edible 
matter which contains : moisture, 85.3 ; protein, 
i.o; fat (ether extr.), 0.3; fibre, i.i ; otlier carbo- 
hydrates, 1 1.6; and mineral matter, 0.7%; calcium, 
20 mg . ; phosphorus, 25 mg. ; iron, 2.2 mg. : vitamin 
A value, 3,600 I.U. ; tliiamine, 0.04 mg. ; riboflavin, 
0.13 mg.; nicotinic acid, 0.6 mg.; ascorbic acid, 
6 mg. ; and calories, 53/100 g. The average ascorbic 
acid values of .some important types of apricots 
grown in Chaiihattia (Uttar Pradesh) arc: Kaisha, 
8.1 ; Moorpark, 4.6 ; Parine Apple, 6.9 ; and Turkey, 
6.0 mg./ 100 g. The fruit contains iodine (0.48 /ig./ 
100 g.) (Tressler & Joslyn, 447''50 ; Nutritive Value 
of Indian Foods, 66, loi, 131 ; Sriva.stava & Sriva.stava, 
Sci, Cult., 1969, 31 , ^o ; Iodine Content of Foods, 

96)-. 

Ripe fruit pulp contains: total solids, 12.4-16.7; 
insol. solids, 2. 1-3.1 : acids (as malic acid), o. 7-2.2 ; 
total sugars (as invert sugar), 5.3-8.6 ; glucose, 3.2- 
4.8: fructose, 1.4-4.2 ; sucrose, i. 4-5.4: and tannin, 
o.()6-t).io%. The sugars and polyols include xylose, 
glucose, fructose, sucrose, sorbitol, meso-inositol, and 
a number of oligosaccharides composed of glucose 
and fructose units?. Reducing sugars increase rapidly 
as the fruit ripens on the free ; appreciable amounts 
of sucrose occur only in the fully ripe fruit. The 
fruit also contains pectic substances (1%, as calcium 
pectate). Malic and citric arc said to be the principal 
acids. Presence of tartaric, quinic, and succinic acids 
is also reported. Samples of Indian apricots, obtained 
from Chaiihattia and from the Lucknow market, were 
found to coniain citric as the major acid, while malic 
acid was absent. Invertase, amylase and eniulsin 
occur in the fruit at all stages of ripening. The free 
amino acids identified in apricots are: aspartic acid, 
glutatnic acid, threonine, serine, proline, alanine, 
glycine, valine, leucine (or cvoleucine), cystine, phenyl- 
alanine, tyrosine, y-amino butyric acid, histidine, 
arginine, glutamine, and ^-alanine (Winton & 
Winton, II, 2*16-48: Reynolds, Aust. /. Chem., 

10 , 198 ; Ash & Reynolds, ibid., 1955. 8 , 444 : Kertesz, 
292 ; Agarwal & Date, /. Fd Sci. & Technol., 1966, 
3 , 70 : Thorpe, I, 453). 

The volatile e.ssence of apricot includes myreene, 
limonene, p-cymene, terpinolene, trans-2-hexenol, 
o-terpineol, geranial, geraniol, 2-methylbut.yric and 
acetic acids, linalool, the c/i- and /rr/« 5 -isomers of an 
epoxydihydrolinalool. y-octalactone, and y-decalao 
tone. The typical apricot aroma appears to he due to 


an integrated response to the proper ratios of these 
compounds (Tang & Jennings, /. agric. Fd Chem., 
1967, 15 , 24). 

A niimher of products are prepared from apricots. 
Strained baby food prepared from the pulp is 
nutritious and a good source of calcium, phosphorus 
and iron. Apricot nectar, a popular beverage, is 
prepared by steaming and converting the ripe soft 
fruit into puree and mixing it with sugar syrup con- 
taining some citric acid. Apricot beverages have low 
acidity and therefore tend to be somewhat flat : they 
blend particularly well with more acid fruit juices, 
such as orange or pineapple. Apricot leather 
(Kamaradin), extensively used in drinks and sauces 
in the Middle Fast, is prepared by drying the pulp 
after treatment with sulphur dioxide as ])reservative 
and mixing the same with sucrose (5%) and glucose 
syrup (5Vn). The golden coloured product is highly 
nutritious and has a vitamin A potency of 7,000 I.U./ 
100 g. (Siddappa & Ranganna, Food Sci., 1961, 10 , 
29: Tressler & Joslyn, 816-17: Grncarevic, Food 
Technol., Ausi., 1965, 17 , 519). 

Dried Apricot — Apricots are dried either in the 
sun or artificially after pitting and sulphuring. 
The Chini area of Himachal Pradesh where this 
crop is being cultivated is said to be suitable for 
producing dried apricots. For drying, fruits at eating 
ripe stage are selected. They are then washed, slit 
open, removed, and then loaded into a sulphur 
house that may be constructed out of mud and other 
local materials. The fruit is allowed to remain in the 
sulphur house for 12-24 bours after the sulphur has 
ceased to burn and then dried in the sun for about 
MX)- 120 hours : the dried product is stored in clean 
cloth bags and hung or stored in a cool clry place. 
Standards have been suggested for three grades of 
dried apricots, vi/. Fancy, Choice and Standard 

I Christie & Barnard, Indian Fd Packer, 1956, 10(7), 

II : 1956, 10 ( 8 ), 9 : Eddy. Punjab Fr. /., 1957, 21(77). 

I : Eddy & Shatiq, ibid., 1958-59, 22(78), 18]. 

Analysis of edible matter (93V-' of fruit) of dried 
Indian apricots gave: moisture, 19.4: protein, 1.6: 
fat (ether extr.), 0.7 : fibre, 2.1 : other carbohydrates, 
73.4; and mineral matter, 2.8' V. : calcium, no mg.: 
phosphorus, 70 mg. : iron. 4.6 mg. : vitamin A value, 
98 I.U. : thiamine, 0.22 mg. : nicotinic acid, 2.3 mg. ; 
ascorbic acid, 2 mg. : and calories, 306 / hk) g. (Cruess, 
453; Girdhari l^\ ct al., 141 42 : 'rhor|X‘, I, 453: 
Nutritive Value of Indian Foods, 66, loi, 131). 

Apricot Kernel— The apricot pits (6-11% of the 
fruit) yield 22-38 per cent kernels, which may be 
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FIG. 95 -PRUNUS ARMENIACA— DRIED APRICOT FRUITS 
WITH SEED 


sweet or bitter, depending upon the type. Sweet 
kernels rcsemlile almond in taste and are used as its 
substitute in pastes and confectionery and can be 
added to apricot jam. An analysis of the kernels 
gave: water, 4.3; protein, 31.4: oil, 53.4; sugar as 
dextrose, S.i (direct) and 11.6 (after conversion); 
fibre, 4.8 ; and asli, 2.6%. Samples of tw^o types, one 
of sweet kernels (Morpankha) and other of bitter 
kernels (Chawaru) from Kumaun, contain 44-45 per 
cent fat and 20 -21 per cent protein [Thorpe, T, 453 ; 
Dhar & Chauhan, Agra Univ, /. Res, {Sci,), 1963, 12 , 
9 ; Winton & Winton, I, 489 ; JI, 6^4 ; Girdhari 1^1 
et ai, 257 : Dang ci al., Indian Oilseeds /., 1964, 8 , 
I loj. 

The fatty oil, extracted from the apricot kernels, 
is an important article of commerce. The kernels are 
coarsely ground and heated with steam to the 
temperature of boiling water before pressing them in 
expellers or hydraulic presses. The expressed oil is 
refined by screening to remove the solid material, 
treating with sodium carbonate to neutralize free 


acids, decolourizing with fidlers’ earth or activated 
carbon, and finally heating with steam in vacuum. 
The refineil oil is almost colourless and is of agree- 
able flavour and odour, 'lable i (p. 255) gives the usual 
range of characteristics of the oil. A sample of light 
pale-yellow oil obtained from the Indian bitter 
apricot kernels, showed the following fatty acid com- 
position: inyristic, i.i ; palmitic, 3.5: stearic, 2.0; 
oleic, 73.4 ; and linoleic, 20.0% (Criiess, 5S8-89 ; 
Dang et aL, loc. cit.). 

Apricot kernel oil closely resembles expressed 
almond oil and is employed as an adulterant or 
substitute for it. The French almond oil of com- 
merce is practically pure apricot oil or its mixture 
with peach kernel oil. Apricot kernel oil is used for 
food purposes and in cosmetics and pharmaceutical 
preparations. It sells at a higher price than most 
other food oils, hut at a lower price than almond oil. 
It also finds use in medicine for earache and other 
ailments. In Kinnaiir area of Iliiiiachal Pradesh, 
where large cpiantities of wild apricots are collected, 
crushing of kernels is reported to be an important 
industry, though exact figures of oil production are 
not available. With the development of the apricot 
processing industry in the Naini Tal district of Uttar 
IVadcsh, the kernels would be available in cjiiantities 
and serve as a possible source of edible of [Krishna 
et «/., Indian For, Rec,, NS,, ( 7 /cm., 1936, l(i), 27 ; 
Eckey, 458; Jamic.son, 171: Infonnalion from 
Directorate of Horticulture, Himachal I’radesh ; 
Dang et al, loc. cit.j. 

The cake left after extraction of the oil contains 
ainygdalin and is therefore unlit for use as cattle 
feed : it yields 0.06 per cent of hydrocyanic acid. 'I’he 
cake is utilized as a fuel and as fertilizer. It contains: 
nitrogen, 6.64 ; phosphoric acid (P2O..), 2.2 : and 
potash (KjO), 1.14%. An essential oil which is identi- 
cal with bitter almond oil (([.v. P, aniygdalus) is 
distilled from the cake. Apricot kernels arc cheaper 
and give higher yields of oil (0.8-1. 6%) than bitter 
almond kernels and arc the main source of the bitter 
almond oil of commerce. The seed cake of the bitter 
apricot (Cliawarn) yields 1.6 per cent of the oil. The 
cake from which the oil has been removed is free of 
hydrocyanic acid and can be used as a feedstuff for 
livestock (I-.al Singh et al,, Indian J. agric, Sci„ 1951, 
21 , 139; Das, ibid., 1945, 15 , 30; Jamieson, 172; 
Guenther, V, 48). 

The pit shells have been used for the preparation 
of activated carbon. High quality cliarcoal for use 
in case-hardening or heat treatment of steels by 
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carburizing is obtained l)y destructive distillation of 
the shells (Clark & Lathrop, Bur. agric. industr, 
ClictJh, US, Dep, Agrk., A 1 C -352, 1953, 4, 30). 

Apricot leaves contain (piercitin, cyanidin, kaemp- 
ferol, caffeic acid and /)-couinaric acid (Bate-Smith. 
/. Linn, Soc,^ Bot,, 1961-64, 58 , 39). 

The wood (wt., 785 kg./^'u.in.) which is greyish 
brown, moderately hard and mottled with dark brown 
streaks, is used for various purposes in the hills of 
Punjab : in some places it is said to be the chief 
firewood (Gamble, 312). 

Trade Some (piantities of dried apricots were 
being imported from Afghanistan prior to World 
War II. Because of the poor ([uality they had to be 


reprocessed and a meth(Kl was evolved and standar- 
dized for this piiriK)se. Very small (quantities of 
apricots, lK)th fresh and preserved, arc exported. 
There was, however, some export of apricot kernels 
during the period i <^60^61 to 1965-66, the quantity 
exjiorted reaching a peak figure of about yjo,QOO kg. 
valued at c. Rs. 1,380,000 during 1962-63. The U.K., 
Italy and many other European countries, U.S.A., 
Hongkong and South Viet Nam were the chief 
importing countries. Varying (|uantitics of both fre.sh 
and dried apric'ots arc imported annually, the 
imports coming mainly from Afghanistan. Tables 4 
and 5 give details of exports and imports of apricots, 
respectively, during the period 1960-61 to 1967-68. 


TABLE 4— EXPORTS OF APRICOTS AND OTHER STONE FRUITS FROM INDIA 
(Qty in kg.) 


l%0 Al to 1962 6.1* 

Fresh fruits 

l%5-64 

1964 65 

1965 66 

1966-67 

1967 68 

Aprieots 

7,500 

20 

$11 

51,600 

7,500 

5.100 

t'.hcrries 

500 
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. . 

. . 

Peaches 

550 

1,255 

4,*W0 

5.000 

. . 

. . 

Plums 

12,500 

15,275 

5,611 



.. 

Total Qty (kg.) 

20,650 

14,814 

10,178 

56,000 

7,500 

5,100 

Total Val. (Ks.) 

25,100 

9,896 

25,215 

79,285 

15.6(K) 

15,972 


I*rt\s<Tvc<l fruits 
Apricots and Plums 


Quantity (kg.) 

7,250 

8,058 

14,<M)0 

22,580 

178 

158 

Value (Hs.) 

Apricot kernels 

22,(M)0 

27,952 

57.255 

.It, 452 

1,429 

1,650 

(Quantity (kg.) 

162,200 

1 19,957 

.>4,429 

4,870 

. . 

. . 

Value (Ks.) 

575,500 

585,655 

12.1,510 

9.745 


. . 


* Average of three years. 


TABLE IMPORTS OF APRICOTS AND OTHER STONE FRUITS INTO INDIA 


(Qty in kg.) 


1960 61 to 1962 65* 

1963-64 

1964 65 

1965 66 

1966 67 

1967 68 

Fresh fruits 

Aprieots 

112,000 

26,IHJ7 

.H,064 

1 1,.S45 

14,701 

940 

Peaches 

580,(MH) 

249,258 


78,850 



Plums 

2,255,000 

5,f»05,l.t0 


1,142,189 


65,025 

Total Qty (kg.) 

2,927,000 

5,880,485 

84,064 

1,252..582 

14,701 

65,965 

Total Val. (Rs.) 

I.IW.OIM) 

895.291 

I5.t,0l5 

.W,508 

.'i7,l02 

246,620 

Dried fruits 

Apricots 




647,882 

65,860 

266,482 

Plums and Prunes 

65,000 

317,000 

44,000 

15,116 

2,033 

5,483 

Total Qty (kg.) 

63.000 

317,000 

44.0(K) 

660,993 

67,895 

271,965 

T 01 . 1 I Val. (Rs.) 

* Average of three years. 

248,000 

877,083 

95.496 

1,606,139 

180,511 

879,486 
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P. avium Tiiiin. Sweet Cherry 

VI(i), 346 ; FI. Br. Ind., II. 313. 

Kumaux — Gilas, krusbai 

A tree, fip to 24 m. high, erect or pyramidal in 
habit ; leaves oblong-ovate, 6-15 cm. long, acutely 
serrate : flowers in fascicles, while, long stalkecl, 
appearing with the leaves : fruits round, smooth, 
yellow, red or nearly black, 0.6-1.25 cm., flesh soft 
or firm, sweet or hitter. 

'rhe sweet cherry has been divided by botanists 
into different groups, but because of hybridization 
amongst the various types it is rather difflcult in 
many cases to classify them. They are commonly 
classified as: var. avium (Mazzaro) ; var. jtiliana 
(Linn.) Schuhler & Martens (Heart Cherry, 
Cherry) ; and var. diiracina (Linn.) Schidfler & 
Martens (Bioar R tiAu). 

Var. avium is considered to he the wild form of 
the species with small, purple-black, sweet fruits. In 
var. juliana the fruits are heart-sha|)ed, soft-fleshed 
and of sweet flavour with a reddish or colourless 
juice. Var. duracina includes forms with firm-fleshetl 
and often heart-shaped fruits. Dike Cherries, 
formerly included as a variety of R avium, are now 
thought to he hybrids of R avium with R cerasus 
(Sour Cherry) (Mansfeld, 142; Zielinski, 136; 
Rehder, 474 ; Chandler, 1957, 391). 

The sweet cherry is believed to he indigenous to 
southern and central Furope and western Asia. 
Cherry culture is an important industry in Germany. 
France, Czechoslovakia, Poland and Italy and some 
other southern luiropeaii countries and also in U.S.A. 
In India, it is cultivated in Kashmir, Simla hills and 
Kulu valley and does best at elevations of 1,500- 
2,000 m. and above. The area in Kashmir under 
sweet and sour cherries together is reported to he 
about 4(K) hectares ; about 18 hectares are said to be 
under this crop in Uttar l^radesh and about 45 
hectares in Himachal Pradesh. A large number of 
types of the sw'cet cherry have been tried successfully 
in these areas and the chief amongst them are: 
Bijrarreau, Black (Merlon) Heart, Bedford Prolific, 
bjlton, Early Rivers, Emfyeror Francis, and Governor 
IFoorf [Marshall, i : Sham Singh cl ai, 344: Hayes, 
439 ; Chadha, Himachal Hort,, i960, 1 , 63 : Kirpal 
Singh & Jawanda, Indian Hort., 1963-64, 8(1), 15]. 

Tlie sw'cet cherry is a diploid species with an— 16 
chromosomes and has been crossed with the sour 
. cherry (R cerasus) which is a tctraploid (2ni:_ 32). The 
offsprings from these crosses are, however, highly 
sterile. The Duke Cherries wliich combine characters 


of these two species are also tetraploids and arc self 
fiTiitfid. They are probably derivatives of hybridi- 
zation of an unreduced germ cell of R avium with a 
normal reduced germ cell of R cerasus. One of the 
main objectives in cherry breeding is the production 
of high ({uality types that arc more hardy than those 
available now, and types with fruits which have a 
firm . flesh and do not crack and will ripen over a 
long period. All existing types of the sweet cherry are 
said to be self-incompatible. A few self-compatible 
mutants have been obtained recently through treat- 
ment with X-rays. A dwarf mutant has been recently 
obtained and its use as a dwarfing stock for sweet 
cherry types is said to he promising (Cullinan, Yearb, 
Agric., U.S. Defy, /Igm*., 1937, 727 -28, 734-36 : Crane 
& Lawrence, 192. 212, 220: Chandler, 1957, 392; 
Williams & Brown, Endeavour, i960, 19 , 147). 

The sweet cherry is exacting in its climatic and 
soil reejuirements. It blossoms early in the spring and 
the flowers are very susceptible to cold and frost 
injury. The period from flowering to fruit ripening 
should he free from rain as otherwise fruit selling is 
hindered or the fruits split before ripening. The soil 
should he well drained, dee|) and fertile and with a 
good moisture content (Thapar, 98 : Philp, Circ. 
Calif, agric. Ext, Serv., No. 46. 1947). 

I'lie cherry is propagated by budding or grafting. 
The seedlings of Prunus cerasoides (Paja) are com- 
monly used as rootstock in this country, the grafting 
being done in January, by whip or tongue metliod. 
In U.S.A. three dilferent rootstocks are used for pro- 
pagation of the sweet cherry according to the type of 
tree re(|uired. Seedlings of the wild cherry ly|)c 
Mazzard are very widely used. Seedlings of R 
mahaleb are .sometimes preferred as they are resistant 
to .some disea.ses and pests of the cherry, but this root- 
stock is .said to dwarf the plant. Some types of the 
.sour cherry (R cerasus) are also used as rootstocks as 
they resist wet, poorly aerated soils better than other 
.stocks (Bajwa et al., Indian J. Hort., 1959, 16 , 18 ; 
Thapar, 98 : Chandler, 1957, 390 : Slioemaker & 
Teskey, 287 : Bailey, 1947, I, 739 : Philp, loc. cit.). 

Cherry trees grow to a considerable size and are 
planted al distances of 7.5--9.0 m. or more depending 
upon the type of the tree planted and fertility of the 
soil. Since all or most types of sweet cherry are .self- 
incompatible and .some are inlersterile as well, and 
since the difTercnt types come to harvest at different 
periods, single rows of selected compatible types may 
have to be suitably interplanted. If facilities for irri- 
gation are available, the newly planted trees may be 
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irrigated for a year or two. Application of about 75 kg. 
of farmyard manure and 3-4 kg. of ammonium 
sulphate per bearing tree may be applied in two doses, 
one before flowering and the other after fruit set. 
Fruit is borne laterally on spurs which are productive 
for 10-12 years and because of this persistent fruit 
spur system, cherry trees require comparatively less 
pruning. The modified leader tree with well spaced 
branches is advisable ('Hiapar, 99-100 : Sham Singh 
ct til, 344 ; Chandler, 1957, 386 : Shoemaker & Teskey, 
301-13 ; Chittenden, I, 456-57). 

The cherry does not suffer from many diseases and 
pests in India. Leaf spot caused by Ccrcospora ruhro- 
tincta Ell. & Ev. is reported from Kashmir : small 
circular reddish hrown spots appear on the leaves and 
in severe cases early defoliation of the tree may 
follow. Spraying with Bordeaux mixture is effective 
as a prophylactic measure. Tatter leaf disease caused 
by a virus is said to be common in the hilly regions 
of Himachal Pradesh and Punjab both on cherries 
and on peaches. '^I'he gruh of Aeolvslhes Iwlosvricea 
Fa hr. bores into the stem of the plants in Punjab. 
The beetles [^rotoaelui impavida Janson and Stalai^o- 
soma albella Pallas liave been recorded from Punjab 
and Kashmir as fairly serious pests of the blossom. 
The beetles Miwcla ptisst'rinii Arrow and Aiwfiudti 
fltiviprs Arrow and the weevil Mylloccrus Icfroyi 
Marshall may damage the foliage (Kaul, Curr, Sc/., 
1962, 31 , 29 : Nagaich & Vashisht, Indian Phylopath,, 
1965. 18 , 288 : Pruthi & Batra, Bull Indian Conn. 
aKric. Res., No. 80, k/hx 27-28 : 'Diapar, loi). 

The ripe fruits of the sweel cherry like those of 
Rmpemr Francis, being grown in some areas of 
Himachal Pradesh, are liable to crack under rainy or 
foggy conditions. I’.xcess of water in the cells is said 
to be the cause of cracking. vSpraying the trees with 
Bordeaux mixture or hydrated lime before harvest or 
application of borax to soils deficient in avaiLible 
boron arc some of the treatments that help in con- 
trolling cracking. Shaking the water off the branches 
mechanically after rains also reduces cracking to 
some extent (Information from nirectoraie of Horti- 
culture, Himachal Pradesh : Marshall, 60-63 ; Shoe- 
maker & Teskey, 332-34). 

'rhe various types of cherries come to harvest from 
the beginning of May to early July. Fruits can be 
picked when they attain a solid light red colour, but 
fruits of the firm-fleslicd types tliat turn black when 
fully ripe on the tree can be picked later when they 
develop a bright dark red colour. Because of their 
small size, cherry harvesting and packing are rela- 


tively expensive. The fruits are picked with the 
pedicels attached and packed in small baskets of 
2-4 kg. capacity or in small boxes containing 4.5- 
9.0 kg. of fruit (Thapar, loi : Marshall, 148 ; Philp, 
loc. fit.). 

Cherry trees come to bearing in their fourth or 
fifth year hut optimum yields are obtained after ten 
years. They continue to hear for 40-60 years. The 
average annual yield is 9 *18 kg. per tree (Thapar, 
101). 

Utilization and Chemical Composition — Sweet 
cherries (P. avium) are used as dessert and the sour 
cherries (P. cerasus) for cooking. They are very perish- 
able and large quantities are jireserved by canning, 
brining, freezing, or sun drying. In the case of small 
types of sweet cherries and most of the sour cherries 
the fruits are pitted before canning. In other cases 
the fruits are canned without pitting, as the reten- 
tion of the pits adds to the appearance for dessert 
purposes aiul also imparts a distinctive flavour. The 
fruits are canned in syrup in special cans that can 
resist corrosion. 

I.#*irge (|uaniities of cherries are brined with solu- 
tions of 1.5 per cent sulphur dioxide and 0.9 per cent 
calcium carbonate or hydroxide. Brined cherries arc 
u.sed in fruit salads, fruit cocktails, ice-cream, and 
baking products. For candying, the hrined cherries 
are cleaned, coloured with a suitable dye and treated 
with increasingly concentrated sugar syrups till the 
water in the fruit is replaced with syrup of sufficient 
concent ration. They are finally glazed. 

Cherries are also frozen. Sour cherries are preferred 
to the sweet kinds for preservation by freezing. 
Cherries can be preserved by sun drying or dehydra- 
tion and are then suitable for cooking. Cherries arc 
dried after treatment with lye solution and sulphur; 
fruits pilled before dehydration are not dipped in 
lye solution. A number of standards and grades 
have been established in U.S.A. for both fresh and 
j)rocessed cherries. 

Cherry juice is obtained from fresh or frozen 
cherries. Juice obtained from sour cherries is usually 
too sour as such and re(|uires sweetening with sugar 
syrup, while that obtained from sweet cherries is 
somewhat lacking in acidity and also in colour. The 
juice from sweet and sour varieties judiciously mixed 
yields an attractive product with or without the 
addition of sugar. Carbonated cherry juice is a very 
pleasing beverage. Cherry syrup may be prepared by 
concentrating cherry juice. A licpior of high alcohol 
content (Kitsch wasser) is distilled from fermented 
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sweet, cherries (Hill, 392; Marshall, 187-269; von 
Loesecke, 1942, 55-56, 429, 431, 468 ; Crucss, 376-80, 
494; Yearh, Agric,, U.S. Dcp, Agric., 1950-51, 592; 
Tressler & Joslyn, 701-06 ; Thorpe, III, 25). 

Cherries are fairly high in sugars and ascorbic acid, 
and contain appreciable amounts of vitamin A and 
most minerals. Average composition of the flesh (94- 
95% of the whole fruit) of cherries grown in U.S.A. 
is as follows: moisture, 83.0; protein, i.i : fat, 0.5; 
fibre, 0.3 ; other carbohydrates, 14.5 ; and mineral 
matter, 0.6% ; calcium, 18 mg. ; phosphorus, 20 mg. ; 
iron, 0.4 mg. ; vitamin A value, 620 I.U. : thiamine, 
0.05 mg. : riboflavin. 0.06 mg. : niacin. 0.4 mg. ; and 
ascorbic acid. 8.0 mg./ 100 g. During ripening of 
cherries, there is an increase in sugars and non-sugar 
.solids, and a decrease in acidity, tannin, and astrin- 
gcncy. Enzymes invertase and amylase are present at 
all stages of growth. Analysis of ripe Black Heart 
and Governor Wood types of Indian sweet cherries, 
collected in Chaubatiia (Almora), gave the following 
average values, respectively: moisture. 77.0, 80.5; 
soluble solids (mostly sugars), 19.5, 16.5 : and total 
acids (as malic), 0.50, 0.69% ; ascorbic acid, 19.8, 
17.5 mg./ too g. Malic is the principal acid in cherries ; 
small amounts of citric, tartaric and succinic acids 
arc also reported. Sugars in cherries consist mainly of 
glucose and fructose, with sucrose as a minor com- 
ponent. Pectic substances occur in small amounts. 
Methyl anthranilate and methyl salicylate are the 
flavouring constituents identified in cherry juice. 
Keracyanin chloride, the colouring principle of cherry 
skin, appears to be a diglucoside of cyanidin (Watt 
& Merrill, Agric. Handb., US. Dcp. Agric., No. 8, 
1950, 21 : Winion & Winton, IT, 660, 662 : Shah, Sci. 
& Ctdt.y 1965, 31 , 631 ; Srivastava & Agarwal, Punjab 
hart. /., 1964, 4 , 157 : Thorpe, III, 251 ; Tressler & 
Joslyn, 451, 702 ; Kertesz, 299 ; Naves & Mazuyer, 
182). 

Sweet cherry pits contain 16-33 per cent kernels 
which yield 35.3-43.3 per cent of an edible oil, 
similar to that from sour cherry pits. The bark con- 
tains tannins up to 16 per cent. The stems of the sweet 
cherry and the sour cherry arc reported to contain 
a non-toxic principle useful in certain heart diseases. 
The fruit stalks are considered tonic and astringent 
but rarely used (Winton & Winton, I, 495 : Howes in 
Wiesner, Lieferung 1, 257 ; Chetn. Abstr., 1962, 56 , 
11716; Kirt. & Basil, II, 959 ; Wren, 78). 

The wood (wt., 528-785 kg./cu.m.) which is light 
red or pink when first cut, darkens on exposure to a 
pleasing tone resembling mahogany. It has a close. 


firm texture and is capable of. a very smooth surface. 
It closely resembles mahogany when stained with 
lime and then oiled and varnished, and is suitable for 
the making of high class furniture (Howard, 139 ; 
Handbook of Hardwoods, 70). 

P. cerasifera Ehrh. syn. P. dotneslica var. tnyrobalan 
Linn. Myrobalan Plum, Cherry Plum 

Bailey. 1949, 539 ; Rehder, 456. 

A small .slender twiggy tree, sometimes thorny ; 
leaves ovate to obovale, finely serrate, c. 5 cm. long ; 
flowers white, c. 2.5 cm. across, borne singly or two 
or three together : fruits small, up to 2.5 cm. in 
diam., globular, red or yellow, with soft, sweet 
flavoured juicy flesh. 

This species, said to be indigenous to the Caucasus 
and south-western Asia, is considered to be one of the 
parents of the common plum (P. domcslica). It has 
a chromosome complement of 211=16, and the 
ground colour of the fruit is generally yellow while 
the sap colour is red. It is but little cultivated for 
fruit, but is highly prized as a stock upon which to 
grow other stone fruits, particularly P. domcslica. It 
is being tried for this purpose in India also (Zielinski. 
144: Chandler, 1957. 340; Bailey. 1947, III, 2825; 
Thapar, 102). 

The tnyrobalan plum has been crossed with types 
of Japanese plums {P. salicina) to produce a number 
of promising hybrids characterized by high yield 
and fruit (piality. It lias also been crossed with the 
peach, and almond. The hybrids are sterile, but their 
pollen is fertile. Some of these hybrids are said to 
show some promise as rootstock for the jieach (Plant 
Breed. Abstr., 1956, 26 , 290 ; Oariiaiid, 11 . 74). 

P. cerasifera var. pissardii Koehne, a small tree 
with rich purple leaves and bluish tinged white 
blossoms appearing in profusion, is reported to he 
cultivated as an ornamental (FI. Assam. II, 183; 
Krishnamurthi, 223). 

P. cerasoides D. Don syn. P. puddum Roxb. ex 
Brandis non Miq. Himai.ayan Wild Cherry 

D.E.P., VI(i). 350 : C.P.. 907 : Kl. Br. hid., II. 314. 

Hindi — Paddam, phaya ; Beno. Padmak ; Mar. 
— Padma kaslha, padmaka ; Guj . — Padma kathi, 

Punjab —Paja; Assam- Dirng-sob-iong-kretn. 

A middle-sized or large tree indigenous to the tem- 
perate Himalayan region, extending from Kashmir to 
Bhutan and in Aka and Khasi hills in Assam and in 
Manipur at altitudes of 900- 2.300 m. Bark smooth, 
brown, peeling off in horizontal strips exposing a 
shining copper-coloured surface ; leaves variable in 
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riG. 16-PRlJNlJS c:nRASOII>HS--FI.OWERING AND 
FRUITING BRANCHES 

Icn^ili and lircadth, iloiildy serrate ; flowers in 
fascicles or umbels, rose-red to white : drupes ovoid, 
(\ 1.25 cm. long, yellow or reddish. 

This species is very variable, comprising a number 
of more or less disiinct geographical races. Two 
varieiies grow in some areas like the Darjeeling hills, 
one being very large, up to 27 m. high, with crimson 
or rose-pink flowers which ajipear in March, and 
the other often cultivated, a small or medium-sized 
tree about 1 1 in. high, with deep pink flowers which 
appear in Ocioher -November soon afier the rains. 
The former is now designated as var. nihrus Ingram 
and the latter as var. tnajcsliai Ingram. The tree 
reproduces freely from root suckers and can he grown 
from cuttings. The seeds of this spc’cies germinate 
readily and the seedlings are used as rootstock for the 
propagation of the sweet cherry in this country 
(Troup, 11, 487 ; Ingram, Gdnrs' Chron., 1947. 122 , 
162 ; 'rhapar, c;8 ; Bajwa, Indian /. f/or/., 19^9, 16 , 
> 8 ). 

The sapwood is whitish and lustrous ; the heart- 
wood (av. wt., 720 kg./cu.m.) is reddish brown, close- 


grained. moderately hard and strong, durable, and 
seasons well. It is resistant to fungus and insect 
attack and works lo a good finish. Kxcept in Sikkim, 
the supplies of this wood are rather small. It is 
occasionally used for buildings and for making orna- 
mental furniture, 'fhe wood of sa|)lings, branches 
and root suckers makes excellent walking sticks and 
umbrella crooks. It deserves aitention as a turnery 
W'ood and also as a suitable alternative to walnut 
regia) in the manufacture of gun stocks 
(Pearson & Brown, I. 475 ; Gamble, 313 ; Indian Far., 
1952. 78 , 367). 

The fruits which are produced in abundance have 
scanty pulp and are scarcely eaten, hut are said to he 
used to make a well known cherry brandy. The 
kernels contain an oil similar to that of hitter al- 
monds and WTth a strong flavour of prussic acid, 'fhe 
kernel is. used as a remedy for stone and gravel. The 
leaves, twigs, hark and kernels contain a cyanogenetic 
substance. The hark is used for tanning. The smaller 
branches are crushed and soaked in water and taken 
internally to stop abortion (Kirt. Basu. II, 959; 
Biswas, 52 ; Chopra at ai, I, 365 ; Ch«)pra, 1958, 521). 
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The srem hark contains flavonone sakiiranctin 
flavonc genkwanin, i^oflavone prunctin, and iso- 
ilavononc padmakastcin, along with smaller ipian- 
tities of the’ glycosides sakiiranin and padinakastin. 
Sakiiranin is ilie 5-gIiicoside of sakiiranctin (5. 4'- 
dihydroxy-7-mcihoxyflavone) which on dehydrogena- 
tion yields genkwanin. Padmakastin is the 4'-gliicoside 
of padmakastein which is found to he hydroprunetin. 
Later work has shown that sakiiranin is accompanied 
hy the corresponding chalkone glycoside named 
neosakiiranin (2, 4'-dihydroxy-4-inefhoxy-6-glucosi- 
doxy chalkone). The bark also contains a small 
amount of taxifolin. A dihydroHavonol padmatin, 
and its precursor taxifolin are reported in the heart- 
wood (Chakravarti & (»hosh, J. Itidian chem. Sac., 
1944, 21, 17 1 : Narasimhachari & Seshadri, Proc. 
Indian Acad, Scl,, 1949, 30 A, 271 : 1952, 35 A, 202: 
Ramanujan & Seshadri, ihid., 1958, 48A, 175; IHiri 
& Sesliadri, J, sci, industr. Res., 1954, 13B, 698 ; 
Mcllroy, 40; Goel & Seshadri. Tetrahedron, 1959, 5, 
91). 

The tree yields an abundant gum (Gamble, 31). 

P. cerasus Linn. Souk Ciikkky, Rkd Ciikkky, 

Dwarf Ciikrry 

D.K.P.. Vr(i). 346 ; C.P., 906 ; FI. Br. Tnd., II, 313. 

Pi^NjAB — Gilas, olchi, jera-sayna. 

A small tree, usually round-lopped or spreading, 
bearing root suckers : leaves ovate, hard, still and 
rather abruptly pointed, minutely toothed : flowers 
white, in clusters of 2-5 on slender pedicels, appear- 
ing with the leaves ; fruits globose, 0.6-1.25 
diam., light red to nearly black, acid or sweet. 

This species includes three varieties, viz. var. 
cerasus (ANtARKi.i.F. Cherry), var. austera Linn. 
(Morku.() Cherry), and var. marasca Vis. (Marasc.a 
Cherry). Of these, Amarelle cherries are pale red in 
colour and are less acid and considered more suitable 
for dessert. The other two possess fruits darker in 
colour and yield reddish juice (Zielinski, 138 ; 
Mansfcld, 139). 

The sour cherry is believed to he a native of West 
Asian and South-Fast Kuropean regions. It is grown 
in Kiirope and America for its ornamental flowers. 
In India, it is said to he grown in Kashmir, Kumatin 
and Garhwal at elevations up to 2,300 m. No infor- 
mation is available regarding either the extent of 
cultivation of the sour cherry as distinct from the 
sweet cherry {P. aviinn, cj.v.) or other aspects of its 
cultivation in this country. In general, the .sour cherry 
is not as exacting in its climatic and soil require- 
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ments as the sweet cherry and is said to thrive even 
when neglected heller than most other similar trees. 
In contrast to the sweet cherry, most of the sour 
cherry types are self-compatible but are said to set 
better crops when cross-pollinated : the crop is said 
to he practically immune to San Jose scale and is 
comparatively more resistant to diseases and pests. 
The method of propagation and cultural practices 
are in general the same as in the case of sweet cherry 
(Chandler. 1957, 392-96: Bailey, 1947, T, 738 40 ; 
Bailey & Bailey, 169-70). 

Utilization and Chemical Composition — The sour 
cherry is too acid for most tastes to he u.sed as a table 
fruit, hut large quantities are used for canning and 
cooking. Cherry juice is mostly obtained from sour 
cherries, for sweet cherries are ordinarily too valuable 
to he used for juice. 'I'he fruits of the sour cherry 
yield a clear red to redtiish orange coloured aromatic 
juice, with a characteristic odour and a sour taste. 
Because of their acidity (malic acid content, >1%) 
and pleasant flavour, clierry juice and cherry syrup 
are used as popular vehicles for .idministering sally 
or hitter drugs and for masking iron preparations. 
Sour cherries are also used for tlu* preparation of 
maraschino luitieur in Dalmatia. Information about 
processing and utilization of the sour cherry has been 
given under P, avium (q.v.) (Tressler & Joslyn, 701- 
06 : Winton & Winion, II, 65S : U.S.D.. 1955, - 7 - 7 .^)- 

The chemical composition of sour cherry is similar 
to that of sweet cherry, except that the former has 
a much higher acidity. Analysis of the edible portion 
(88"n of the fruit) of Indian red sour cherry gave: 
moisture, 83.4: protein, i.i : fat, 0.5: minerals, 0.8: 
fibre, 0.4 : and other carbohydrates, 13.8';,, : calcium, 
2^ : phosphorus, 25: iron, 1.3: potassium, 320; 
copper, 0.02 ; thiamine, 0.08 : rihoHavin, 0.08 ; nico- 
tinic acid, 0.3: and ascorbic acid, 7.0 mg./im g. : 
vitamin A value, nil. Red sour cherries from U.S.A. 
are reported to contain 720 I.U./hx) g. of vitamin A. 
l"he average acid content (as malic) of the juice of 
sour and sweet cherries has been recorded as 1.40 and 
0.64 |)er cent, respectively. There is no marked 
dillerente in sugar content which is 10.3 and 11.4 per 
cent, respectively. Morello variety of sour cherry 
contains as high as 1.86 per cent acid (Nutritive Value 
of Indian Foods, 67, 103. 133 : Watt & Merrill, Agric. 
Handh,, VS, Dep, Agric,, No. 8, 1950, 21 ; Winton & 
Winion, II, 666 ; Tressler & Joslyn, 702). 

The pits of sour cherry, obtained in large quan- 
tities during canning, yield 28 per cent kernels con- 
taining 30-40 per cent of an edible oil. The pits 
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amount to 15-18 per cent of ilu* fruit. The oil 
rccov'crcd from the kernels by cold expression is 
yellow in colour and of a mild pleasant flavour. The 
characteristics of the oil are given in Table i (p. 255). 
The fatty acid composition of the oil is as follows: 
myristic, 0.2 ; palmitic, 4.3 ; stearic. 2.y : arachidic, 
0.8 ; oleic, 49.4 ; and linoleic, 42.4%. The cold- 
expressed oil resembles almond and apricot kernel 
oils in some respects, and is similarly employed in 
cosmetic and pharmaceutical pre|)arations. It is also 
used as a salad or culinary oil. Hot-pressed oil is used 
in soap making (Jamieson, 173: Thorpe. Ill, 25: 
Kckcy, 45^-59). 

The kernels contain a giucoside prunasine (c/-man- 
delonitrile-d-glucoside ; C,,Hi7(),iN, m.p, 147-50“) 
belonging to the amygdalin group. The kernel press- 
cake on steam disrillaiion yields i per cent of an 
essential oil similar to the oil of hitler almonds. The 
press-cake contains: protein, 30.9: crude fat (ether 
extr.), 1 3. 1 : N-free exir.. 42.1 : and crude fibre, 8.9';... 
The cake can he used as fertilizer, and after freeing 
from volatile hydrocyanic acid, as slock feed (Dictio- 
nary of Organic Compounds, V, 2803; 'I’horjie, III, 
25 : CniL-ss, 5«ji). 

'riie hark contains 5-7 per cent tannin and is said 
to he used for tanning purposes. The leaves contain 
amygdalin. The brown, semi-solid gum exuding from 
the hark resembles damson gum and is collected for 
use in medicine. On prolonged hydrolysis, the gum 
gives aldohiouronic acid which hydrolyses into 
various oligosaccharides (Wiesner, Lieferung i, 281 ; 
Khan. Pakisi. J. Fnr,, 6, 86 : Chopra c/ ^//., I, 
363 : Smith tV Montgomery, 264-65). 

The hark is hitter, and possesses febrifugal and 
antidiarrhoeal properties and is useful iti allaying 
palpitation of the heart. An ipfusion of the leaves 
is reported to cure convulsions in children. The 
kernel, which contains a considerable pro|)orrion 
of hydrocyanic acid, is used as a nervine tonic. 
I'lic fruit stalk is diuretic, astringent and pectoral. 
The gum of the tree is used as substitute lor gum 
arahic. It is only partly soluble in water, darker in 
colour than gum arahic, more dillicult to pidveri/e 
and inferior in adhesive properties. It is said to he used 
in many home remedies and to lind application in 
pharmaceuticals and cough syrups (Kirt. ^ Ba.su, II. 
957 ; Steinmetz, I, 119 ; Steinmei/, 1957, 909 : Chew. 
Ahslr.f 1962, 56 ^ 11716; Howes, 1949, 78 : Mantell, 70). 

The timber of the .sour cherry is said to he u.sed in 
Europe for the same purposes for which the timber 
of the sweet cherry is used. 


P. ceylanica (Wight) Mi(|. syn. Pygeum aeuwmatum 
Colcbr. ; P. gardneri Hook. f. ; P. glaberrimum Hook, 
f. ; P. leightianum Blume ex C. Muell. ; P. zcyUnii’ 
cum (^aertn. ; P. sislyarcuse (#amhle 

1 ).E.R, VI(i), 373: FI. Br. Ind., II, 318-19. 321 ; 
Kalkman, Plumed^ 1965-66, 13 , 52 ; lalhot, I, 504, 
Idg. 286. 

Bknc. — Galmorrr ; Mak. — Duka ; Tam. — Pulun 
kdcclit, dttd-udrci ; Kan. Sr4gnigdri ; Mai.. — Ndi 
kd uihdgd m, rettiydu. 

A.s.s/\m - (rdudhi gdch. 

A medium to large sized tree up to about 25 m. in 
height, with smooth greyish hark, found in southern 
India. Deccan and Orissa and in the region eastward 
from Uttar Pradesh to Assam and in the Andamans. 
Twigs pubescent when very young : leaves oblong to 
ovate or ovate-lanceolate : flowers white or whitish in 
racemes : fruits ellipsoid to didymous, variable in 
dimensions. 9-18 mm. x 14 25 mm. 

The plant is very variable in its taxonomical 
characters and had formerly been included under a 
number of species distributed in various areas. The 
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wood (wt., 660-1,050 which ranges from 

yellow^ to red in colour, is close-grained, mmlcratcly 
hard to ha^d, motiled and streaked. It is used for 
making crude furniture, boxes, planks, rafters and 
beams. It is a good fuel for burning bricks or lime 
(Gamble, 315; Krishnamurthi, 224; Worthington, 

224)- 

Bark, leaves and fruits emir a strong smell of bitter 
almond when crushed. The hark is used in South 
Viet Nam for stomachache and also for making a 
beverage. I1ie kernel, which smells of hydrocyanic 
acid, is u.sed as lish-poison | Krishna & Badhwar, /. 
sci. iiuluslr. Res., 1949. 8(10), suppl., 161 ; Chopra, 
1958. 588 1. 

P. cornuta Steud. syn. R. padus Hook. f. (FI. Br. Ind.) 
non Linn. Himalayan Bird Cukrry 

D.E.P., VI(i), 348 ; C.P., 906 ; Rehder, 479 ; FI. Br. 
Ind., II, 315. 

Kasiimer— / rtm/;c/n//c ; Punjab Rarl, (India, 
jamnn, kalakat, paras ; Uitar Pradesh— / tfiiioz, 
jamtowi. 



FIG. W-PRUNUS CORNUTA-I-LOWERING BRANCH 



F.R.I., Dvhra Dun. Photo : Rtimrsh Ruo 
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A moderate-si/ed or large tree up to 18 m. in 
height, distributed in the temperate Himalayas from 
Punjab to Assam at altitudes of i,2(x>-3.6cxj m. Bark 
brown, scaly : leaves variable, usually oblong-lanceo- 
late with a cordate liase, serrulate : (lowers in long 
dense drooping racemes, white : fruit of the si/e of a 
large pea, rctl turning to dark purple or black, acrid, 
globose, sometimes developing a horn-like outgrowth 
caused by insect attack. 

1 his species is closely related to P. padns Linn. 
(European Bird (^ierry) under which it has been 
included by many authors. It occtirs often gregari- 
ously on rather moist pasture grounds and in forest 
glades. It is a moderate light demander, coppices well 
and regenerates by ror>t suckers freely (rroup, II, 4S8). 

The wood (wi., 657 kg./cii.m.) is soft, fairly strong, 
durable and not attacked by insects. The sapwood is 
whitish and lustrous and the heartwood light reddish 
brown and dull with an unpleasant smell when first 
exposed. The timber is easy to saw, both in the green 
and dry state. It is suitable for turnery work and for 
rifle half-wroughts and for making different parts 
of raciiuets and also bobbins and boot lasts, but 
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sii|)plics of the timber arc limited. It also furnishes 
a useful firewood (Pearson & Brown, I, 476 ; Trotter, 
1944, 223, 227 ; Gamble, 314: Ishaq, Pakist. J. For., 
>957. 7 , 20). 

The tree yields an inferior gum in small (]uantities. 
The fruit which is mawkish and astringent is eaten 
and can he used for brewing liquors. An oil expressed 
from the kernels is said to he a good substitute for 
oil of hitler almonds. The leaves afford an excellent 
fodder for cattle. 

P. domestica Linn. syn. P. communis Huds. 

Common Plum 

D.E.P., V[(i), 347; FI. Br. Ind., II, Bailey, 
.947, III. 2715, 2826, Fig. 3068-72. 

Hindi, Bkno. & Guj. — *Aluhukh(tr(t, alucha. 

i\ small tree, with twigs pubescent when young: 
flowers white, usually in clusters : fruits firm in 
texture, varying in colour from green and golden 
yellow to red and dark purple : stones large, rough 
or |)itted. 

Of all the stone fruits, plums are the most varied 
and include a large range of types varying in plant 
habit, leaf size and form, flowering habit and fruit 
chanicteristics and (piaruy. Consecpiently they have 
been variously classified, sometimes into distinct 
species, sub-species or varieties. Based on their original 
geographical origin, they are broadly grouped as 
Eurasian, Oriental or Japanese and North American, 
each group comprising two or more species, besides 
sul>species and varieties. As far as Indian material 
is concerned, they arc mo.stly Eurasian or Oriental in 
origin and belong to either P. domestica or P. sali- 
cina ; a few of the Eurasian types belong to P. 
ccrasifera (Myrohalan Plum) and have alreaily been 
dealt with under that specific name. 

Best known among the cultivated plums are types 
belonging to P. domestica, including those grouped 
under P. insititia Linn., which is considered by many 
either as a sub-species or as a variety of P. domestica. 
Types belonging to sulvspecies insititia Bailey arc 
somewhat more dwarf and compact in habit than 
those belonging to sulvspecies domestica, and their 
flowers are smaller and less pubescent and fruits 
lesser in diameter and usually more nearly round : 
their stones are also smaller and often adherent to 

♦The known in India as Ahthukhara is considm-d by 

some to l)elonj; to P. salicimt ; some others, liowever, are of the 
opinion that it deserves a se|mraie specifie rank. It has been 
designated as P. hnkhariensis (Royle) Sehneid. and considered 
indigenous to Kashmir (Naik, 3.10 .33 ; Ginai, Agric. Pakist., 
19.S3. 4, 167; Schneider, RetMrt. Shec. iWov. Regtti Veget., 190.S, 
I, .SI). 


the flesh than in sub-species domestica. I'ypes belong- 
ing to suh-spccies insititia are however, hardy, vigor- 
ous and productive and are adapted to a wide range 
of conditions (Zielinski, 14 1 : Rehder, 456 : Mansfeld, 

>36). 

P. domestica suhsp. domestica is thought to he ;i 
native of tlie Caucasus and trans-Caucasus regions 
and suhsp. insititia, a native of wesiern Asia and 
south-eastern Europe. Some authors consider them to 
have originated in nature as allotetraploid hybrid of 
P. ccrasifera (211—16) a diploid species, with P. 
spinosa Linn. (211 = 32) a tetraploid species, followed 
by chromosome duplication, to give rise to the fertile 
hexaploid P. domestica (211-48). 'Hie suhsp. insititia, 
which is also a hexaploid is said to he somewhat 
intermediate in character between P. domestica and 
P. spinosa and is thought to he a stage in the rever- 
sion of P. domestica towards wild or semi-wild forms. 
The occurrence of natural liyhrids closely resembling 
the common plum in areas of North C.aucasus, where 
both P. ccrasifera and P. spinosa grow, and the 
.synthesis of fertile hybrids resembling the plum by 
hybrifli/ation of these tw'o species are said to support 
this view (Bailey, 1947, III, 2826 : Chandler, 1957, 
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341 : Selinski, i jo ; Crane & Lawrence, 237 ; 
Garnaud, 11 , 57 ; 23 iukov 8 ky, Euphytka, 1965, 14 , 
' 77 )- / 

The plums are cultivated largely in Europe where 
they are said to rank first among tree fruits, and to a 
lesser extent in America ; they are said to lack to a 
great extent the power of adaptation to trans-Atlantic 
conditions. In India, they are not of much commer- 
• cial importance. The area under the plums in 
Himachal Pradesh is about 750 hectares including 
both P. domestica and P. salicina types) and a recent 
census has revealed that there are about 3,000 trees 
of plums growing in a semi-wild state in the Chini 
area of that State. The plums cultivated in the 
Nilgiris in South India (6^0 ha.) are reported to 
belong to P. salicina ; P. domestica does not thrive 
well there except for the type Splendour, suitable 
for drying into prune, and for Alubukhara reported 
good for stewing. Both P. domestica and P. salicina 
do well in northern India. Some of the P. domestica 
types under commercial cultivation arc: Damson, 
Maynard, Green Gage, Grand Duke, and Victoria. 
Besides these, a large number of other types are 
reported under trial in Mashobra in Himachal 
Pradesh and Chaubattia in Uttar Pradesh. Scope for 
extending the area under the plums is said to be quite 
good as the tree comes to bearing quite early and 
l^ars heavily year after year. Another consideration 
is the fact that certain types of the common plum can 
be grown in sub-montane tracts as fillers in mango 
groves. Though the quality of the fruit produced in 
these latter areas may not be very good, the fruits 
ripen early and command a good price and are also 
suitable for jam making and canning purposes 
[Thapar, 102 ; Chadha, Himachal Hort., i960, 63 ; 

Srivastava & Sharma, Gardening, 1963, 4 (i 1), 1 ; 
Mukherjee & Singh, Indian Hort., 1963-64, 8(3), 21]. 

The various types of common plum can be divided 
into three classes, depending upon their degree of 
pollen self-compatibility. In the first class are those 
that are completely self-incompatible. The second 
class comprises types which are only partially self- 
compatible and are not capable of producing a satis- 
factory crop with their own pollen. All the remaining 
types are completely self-compatible. In the first two 
classes are also found a few types which in addition 
to being self-incompatible are also cross-incompatible 
to a lesser or greater extent (Crane & Lawrence, 
196-97 ; Chandler, 1957, 343). 

The diploid chromosome number of P. domestica 
is 48. The two sub-species domestica and insititia are 


completely interfertile. Interspecific crosses with 
othei* species of Prunus have, however, proved un- 
successful, fruits with viable seeds being but rarely 
formed. The hybrids so raised have the expected 
intermediate chromosome numbers and are highly 
sterile. The inheritance of some economically im- 
portant characters of the common plum such as 
colour, shape and size, flavour of the fruit and habit 
of growth has been studied (Crane & Lawrence, 21a). 

Cultivation 

Climate and 5 ot 7 — The plum is said to require 
warmer situations than the apple and pear and is 
best suited to hilly areas at elevations of 850 to 
1,450 m. It requires a deep, fertile and well drained 
loamy soil, but adaptation to diverse soil types is said 
to be possible by the use of suitable stocks (Thapar, 
102 ; Bailey & Bailey, 575 ; Singh et al., Punjab hort. 

1962, 2, 129). 

Propagation — ^Propagation is done by budding or 
sometimes grafting on many kinds of seedling stock. 
Peach, plum and apricot stocks are used in this 
countiry, while in U.S.A. the myrobalan plum stock is 
widely used. The plants are set down at a distance of 
4.5-8.0 m. each way, depending on the growth habit 
of the type planted. Stem cuttings of certain types of 
plum treated with hormone preparations like indole 
acetic acid and j 9 -indolyl butyric acid are said to have 
been successfully used for propagation. As in the 
case of almond, the types of plums which arc to be 
planted in an orchard should be interfertile and 
have overlapping blooming periods [Thapar, 102 ; 
Crane & Bradley, Calif. Agric., 195$, lO(io), 5 ; 
Bailey, 1947, III, 2716; Chandler, 1957, 346, 343; 
Dikshit, Sci. & Cult., 1956-57, 21 f 391 ; Teaotia, 
Gardening, 1956-59, l(i), 1 1 ; Varma, Punjab Fr. ]., 
' 945 . ** ' 34 l- 

Irrigation is required in the summer months, parti- 
cularly in the submontane areas. The trees have to 
be well manured with farmyard manure as well as 
inorganic fertilizers [Thapar, 103 ; Rajendra Singh, 
Himachal Hort., 1961, 2(3), 79]. 

Pruning — ^The various types of plums have diffe- 
rent growth habits and they have to be pruned 
differently. Those that have an upright habit should 
be trained and pruned on the modified leader system, 
while those with spreading habit are pruned on the 
vase-form system. Pruning in established trees con- 
sists of mere removal of crowding and crossing 
branches. Pruning should be regulated to enable trees 
to make 30-50 cm. of new growth each year. The 
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fruits are borne mostly on the spurs, which should 
not be removed unless it u desired to thin the fruit. 
Fruit set in the plum is often excessive particularly 
in the Japanese types and thinning is necessary. This 
is done afrer the natural fruit drop in April and May, 
but before the pit hardens [Thapar, 103 ; Sham Singh 
et ol, 539; Itolbir Singh, Indian Hort., 1962-63, 
7 ( 2 ), 16]. 

Diseases and Pests— The plum is subject to very 
few diseases and pests in India. Bacterial gummosis 
or canker caused by Pseudomonas sp. is sometimes 
fairly serious and the affected part is scraped out and 
treated with Bordeaux mixture. The plum is also 
subject to some types of virus diseases like line 
pattern and mosaic affecting the leaves (Thapar, 105 ; 
Nagaich & Vashisht, Indian /. agric. Sci., 1965, 

3 S. 157)- 

The plum lecanid^ Eulecanium (Lecanium) coryli 
Linn. (L. capreae Linn.) attacks the stem and 
branches from which it sucks juice. It is recorded 
from Kashmir, but is said to be spreading and 
assuming an epidemic form. The weevil, Amblyr- 
rhinus poricollis Boheman, feeds on tender leaves, 
the damage being sometimes severe in young planta- 
tions. The beetle, Anomala lineatopennis Blanchard, 
visits the host at night and feeds on leaves and fruits. 
Several other beetles also attack the plum and bring 
about complete defoliation. I^ad arsenate and DDT 
wcttable spray are said to give effective control. Tbe 
gregarious hairy caterpillars of Euproctis fraterna 
Moore defoliate the trees and also feed on the young 
fruit and bark (Pruthi & Batra, Bull Indian Conn. 
agric. Res., No. 8o, i960, 88, 91, 93; Trehan, 
/. Bombay nat. Hist. Soc., 1956-57, 54 , 581). 

Harvesting and Yield — ^The various types of plum 
come to harvest during the months of July and 
August. The fruits are harvested when they have 
developed good colour, but are still firm enough to 
withstand transport to distant markets. They can be 
picked at a later stage of ripening for the local market 
or for canning and jam making. The plum tree starts 
bearing in 3-4 years from planting and continues to 
bear profitable crops for about 25 years. The average 
yield per tree in India is said to be about 40 kg., 
though yields of nearly 1 10-150 kg. per tree have 
been recorded in areas of Himachal Pradesh in some 
prolific types. The average yield in several areas of 
U.S.A. is said to be 100-150 kg. and instances of trees 
yielding 300-400 and even 550 kg. are said to be on 
record (Thapar, 105; Bailey, 1947, III, 2721). 

In some areas of Himachal Pradesh, the bigger 


growers auction or sell the standing crop to con- 
tractors while the smaller growers do the harvesting 
themselves and take the produce to market to sell to 
wholesalers. Sometimes the contractors buy fruits 
from small growers by weight at agreed prices. Plums 
grown in hiUs and picked when fully mature but still 
hard and firm can be ripened in the plains. The fruit 
develop characteristic colour and flavour, and soften- 
ing of flesh when stored at 0-2° and 85-90 per cent 
R.H. for 4-8 weeks (Kirpal Singh, Himachal Hort., 
1961-62, 2 & 3 , 200). 

The fruit is graded in some areas into five grades 
by size. The better grades are packed in wooden 
boxes of 9 kg. capacity for transport and the rest in 
bamboo baskets of the same or double the capacity. 
Marketing is done through commission agents 
[Rajendra Singh, Himachal Hort., 1961, 2(3), 79]. 

UiiiJZA’iioN AND Chemical Composition 

Plums are used as dessert ; they are cooked and 
eaten, canned and dried, and also made into jams. 
Small quantities are processed in Uttar Pradesh 
(Table 3). Certain types of plums are dried success- 
fully without the removal of the pit and arc distin- 
guished as Prunes. For this purpose, types contain- 
ing a large proportion of solids, particularly sugars 
are preferred ; the type Splendour grown success- 
fully in Coonoor (Nilgiris) is said to be very suitable. 
In the Pacific coast area of America and in some 
areas of central and southern Europe, large quan- 
tities of the fruit are dried and made into prunes. 
For this, the fruits arc allowed to ripen thoroughly . 
on the tree and fall to the ground. They are gathered 
and immersed for a few seconds to nearly a minute 
in a hot lye solution to remove wax and then passed 
over a needle board so as to slightly cut the skin, and 
then placed on trays and dried in the sun or by 
artificial heat. Under normal weather conditions dry- 
ing in the sun takes 10-15 ^ completed. The 

dried product is then glossed, or treated to give a 
glossy appearance to the skin and also to sterilize it. 
Fresh fniits weighing 1.0- 1.5 kg. give 0.5 kg. of the 
dried product (Hill, 396; Chandler, 1957, 345; 
Shoemaker & Teskey, 367-70 ; Criiess, 436-40 ; Naik, 

340)- 

Prunes are demulcent, mildly laxative and refri- 
gerant and often added to cathartic decoctions to 
improve their flavour and promote their effect. 
Prunes are canned and used for the preparation of 
prune pulp and prune beverage. Prune pulp free from 
pits is prepared by steaming prunes to softness and 
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passing them through a puipcr. The pulp finds some 
use in ice-cream mix» in fountain drinks, in bread 
making, candy, jelly, breakfast cereals, custards, fancy 
pastries and meat sauces. Pitted prunes are excellent 
for fruit cakes, plum pudding and pies, and can be 
used as a substitute for raisins. Prune juice may be 
prepared either by extracting the prunes with hot 
water or heating them with water under slight 
pressure in a cooker. The juice is concentrated and 
pasteurized. It contains 12 per cent of reducing 
sugars. Aluhtikhara gives a fairly good canned 
product and the juice of ahtcha can be made into a 
s(|uash (Merck Index, 868 : Criicss, 529 : B.P.C., 1959, 
630; Wren, 284; von Loesecke, 1942, 97-101, 471; 
(hrdhari I^il cl ah, 70, 127 ; Siddappa & Ranganna, 
Food Sci., 1961, 10 , 29). 

Plums contain appreciable amounts of sugars and 
carotene (vitamin A). Analysis of the edible portion 
(90-93'Xi of the fruit) of the red plums from Punjab, 
gave the following values: moisture, 86.3; protein 
0.7; fat, 0.4; fibre, 0.4; other carbohydrates, 11.7 
and minerals, 0.5 Vo ; calcium, 10 ; phosphorus, 20 
iron, 1.4: potassium, 190: copper, 0.05; nicotinic 
acid, 0.1 : and ascorbic acid, o mg./ 100 g. ; vitamin 
A value, 166 I.U./kk) g. Small plums [alucha) con- 
tained 983 I.U. of vitamin A/ 100 g. The ripening of 
the plum is characteri/.ed by softening of the flesh, 
development of pigment, marked increase in sugars 
and relatively smaller decrease in acid content. The 
enzymes polyphenolase and peroxidase arc involved 
in the browning process of prunes. Average composi- 
tion of pitted fruits of the typical plum Maynard 
grown in Chaubatria (Almora) gave: moisture, 83.0: 
sol. solids (mostly sugars). 11.2: and total acids (as 
malic), i.74V'»; ascorbic acid, 5.0 mg./ 100 g. Some 
types are highly acidic. 'I'he acidity is due to citric 
acid, although small proportions of tartaric and malic 
acids have been reported. Sugars present are glucose 
(3. o -6.2%), fructose (2.7-6.!%) and sucrose (o. 7-4.8%) ; 
some observers have recorded sucrose as a minor 
component. The average pectin content (as calcium 
pectate) ranged from 0.8 to 1.3 per cent (Nutritive 
Value of Indian Foods, 73, 108, 136-37 ; Shah, .Sci. & 
Cidt., 1965, 31 , 631 : Winton & Winton, If, 640-42 ; 
Thorpe, X, 121 : Money & Christian, /. .Sc/. Fd Agric., 
1950, 1 , 8 ; Clicm. Absir,, 1954, 48 , 7707). 

Prunes are particularly rich in sugars and have 
usually lower acidity than plums. The edible portion 
(85% of the fruit) of partially dried prunes contains: 
moisture, 35.3 : protein, 0.3 : fat, 0.3 ; fibre, 2.0 ; other 
carbohydrates, 60.4: and minerals, 1.7%; calcium. 


80 : phosphorus, 40 ; iron, 4.8 ; thiamine, 0.5 ; 
nicotinic acid, 1.6; and ascorbic acid, 2.0 mg.; and 
vitamin A value, 317 I.U./icx> g. Sugar and acid 
contents recorded for dried prunes from U.S.A. arc: 
sucrose, 3.4 ; invert sugars, 43.9 ; and total acid (as 
citric), 1. 2 Vo (Nutritive Value of Indian Foods, 73, 
107, 137 : Winton & Winton, II, 639, 642). 

Plum pits (2.3- 6.0% of the fruit) yield up to 26.7 
per cent of kernels which arc bitter and contain: 
water, 9.6; protein, 20.2 ; fat, 39.5; lecithin, 0.15; 
carbohydrates, 15.0 ; fibre, 12.2 ; ash, 3.4 ; and hydro- 
cyanic acid (free), 0.06 Vo. The kernels also contain 
amygdalin and pho.sphatides (0.3% in the seed) 
(Winton & Winton, I, 491, 493 ; Chetn. Abslr., 1949, 
^ 3538 : Wittcoff, 235). 

Plum kernels yield about 39-42 per cent of a fatty 
oil which resembles expressed almond oil and can he 
used for the same general purposes. On extraction 
with petroleum ether, Alubukliara kernels (20‘X. of 
I he pits) gave 39.1 per cent of a light yellow non-bitter 
oil with a pleasant odour and taste. The characteris- 
tics of the oil are given in Table 1 (p. 255). The 
fatty acid composition of the oil is: lauric, 0.9; 
myristic, 3.8 ; palmitic, 0.6 ; stearic, 4.2 ; arachidic, 
5.5 ; oleic, 65.2 : and linolcic, 19.8V0. Plum kernel oil 
possesses good keeping (|ualities and can be used as 
a substitute for almond oil. It is suitable lor lubricat- 
ing finer machinery after admixing with light 
mineral lubricating oil. The oil is extracted in the 
plum-growing hilly areas in India to a limited extent 
and used for lid^ricating, cooking and hair dressing 
purposes and as illuminant. Alubukliara seeds which 
are available in large (piantities on the hills and at 
present hardly find any commercial outlet, can he 
profitably utilized as a source of this oil. The coarse 
meal obtained after the extraction of oil is considered 
as nutritious as cottonseed meal. The oil-free cake 
contains: protein, 37.5: crude fibre, 2.4: carbo- 
hydrates, 40.9 ; and ash, 5.3Vo- An essential oil similar 
to the oil of bitter almonds can be distilled from the 
cake : the oil yield is reported to be 0.4 per cent of 
the kernels (Fckey, 459 : Dhingra & Dhingra, Indian 
Soaj} /., 1952-53, 18 , 187; Chenu Abslr,, 1949, 43 , 
353 ^ I Guenther, V, 49). 

The aroma of plum blossoms is mainly due to 
benzaldehyde. The polysaccharide moiety of the gum 
prc.scnt on the fruit surface is composed of D-galac- 
tose, D-mannose, i.-arabinose, D-xylosc, i.-rhamnosc, 
glucuronic acid and probably traces of 4-0-methyl- 
glucuronic acid. I'he heartwood contains the 
flavonoid, kaempferol, dihydrokaempfcrol, kaemp- 
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fcride, (Hhydrokacinpfcridc, and prudomcstin, besides 
a Iciicoanthocyaniciin [Clinn. Abslr., 1955, 49, 6877 ; 
i960, 54, 5831 ; Nagarajan & Seshadri, J. sci, industr. 
Res., 1961, 20B, 509 ; Phytochemistry, 1964, 3, 477 ; 
Curr. Sci, 1966, 35, 409). 

The l)ark toniains tannin (6.8%). The brownish 
semi-solid gum exuding from the hark (the Damson 
gum from insititia plums) rcsemhles gum arahic in 
appearance and properties. It has a constitution 
similar to that of the fruit gum hut contains 
higher proportions of D-mannose, i.-arahinose, and 
hexuronic acid. The gum is said to he used sometimes 
as an adulterant of arahic, ghatti and tragacanth and 
in confectionery (Alaudtlin & Ahmed, Proc. ^th 
Pakist. Sci. Conf., 1953, pt JII, 120; Smith & 
Montgomery, 259-60, 289; Mantell, 71: Chem. 
Ahstr., i960, 54, 5831). 

The wood of P. clomesticn is reddish brown, hard, 
very dose grained and weighs 835-65 kg./ cu.m. It 
is capable of very smooth surface from the tool and 
is used in Kashmir for the skeleton of papier mache 
boxes. For cabinet-work, inlay and turning, it is said 
to he very suitable (Gamble, 314 ; Howard, 488). 

Trade Small (juantities of plums, fresh as well as 
preserved are exj)orted hut sizeable (piantities of fresh 
])lmns and smaller (juantities of dried plums and 
prunes are imjMirted every year. West Pakistan and 
Afghanistan being the main suppliers (Tables 4 
and 5, p. 261). 

P. laurocerasus Linn. syn. Laurocerasus officinalis 
M. Roem. Ciikrry L.\urkl 

Rehder, 480 : Bailey, 1(949, 545. 

A shrub or small tree, iiji to 6 m. high, with hand- 
some evergreen foliage : leaves glossy, ovate, lanceo- 
late or ohlanceolate, .serrate usually above the middle ; 
flowers small, white, in axillary or terminal short 
racemes : fruit small, globo.se, dark hrow'iii.sh purple 
or black. 

It is a native of Asia Minor and Souih-Kast Kurojie 
and is cultivated widely as an ornamental. It has been 
introduced into the Nilgiris, where fruiting has not 
been observed so far (Information from the Cairaior, 
Govt. Boi. Gardens, Ooiacamund). 

Fre.sh leaves give an odour like that of bitter 
almond when crtislied. When macerated in water and 
distilled, they yield Cherry Laurel Wafer which is 
standardized to contain 0.1 jier cent hydrocyanic acid. 
This is used as a sedative in symptomatic treatment 
of nausea and vomiting as an antispasmodic, as an 
ingredient of eye lotions and as a flavour. An essential 


oil known as Oil of Cherry Laurel, can be obtained 
by redistilling the distillation water (yield 0.05% from 
leaves). It is similar to the oil of bitter almonds in 
phy.sicochemical proj^erties but dill'ers in odotir. The 
characteristics of the oil are: sp. gr.'*', 1.044-1.067; 
|«), mostly inactive, occa.sionally up to —0.2*^ ; 1/“"’, 
1. 54 1 7 1.5440; aldehyde (as benzaldehyde), 82.7- 
91.2V0; hydrocyanic acid, 1.42.8%: solubility, 
2.5-3 alcohol. 'I'hc oil contains also 

d-mandelonilrile and probably benzyl alcohol. The 
leaves contain the glucosides prulaiirasine (d/-mande- 
lonitrile /i-D-ghu'oside) and jiriinasine ((/-mandeloni- 
trile-d-glucoside) wfliich on hydrolysis with emulsin 
present in the leaves, yield the essential oil (U.S.D., 
1955, 1733: Wallis. 126; Guenther, V, 55; B.P.C., 
1949, 470: Allen, III, 411 : Dictionary of Organic 
Com|)otinds, V, 2803). 

The crushed fresh leaves are .said to be used in 
preparing the killing bottle by entomologists for 
collection of insects. The leaves are not jialatable to 
cattle, but wiien they are eaten by cattle, the re.sults 
are rejKirted to be fatal (iMirsylh, Bidl. Minist. A^ric., 
Land., No. 16 1, 1954, 40: ('lonnor, Bull. Dep. sci. 
industr. Res,, N.Z., No. 99, 1(951. 52). 

The seeds contain 25-30 per cent of a fatty oil, and 

O. 034 per cent of hydrocyanic acid. The comjionent 
acids of the oil (iod. val., 1 10) are: |)almitic, 9.9; 
stearic, 1.7; myristic, i.S : oleic, 73.4; and linoleic, 
13.2VU (ThorjK*, IX, 22 : C.hcm. Ahstr., 1962, 57, 2330 ; 
Hilditch, i(;56, i(;5). 

P. mahaleb Linn. Maii.\leb Ciif.rrv 

D.K.P., VI(i), 34S: FI. Br. Ind., IT, 312: Bailey, 
i949» 544* 

A small tree, up to 10 m. high, indigenous to central 
and southern Kurojie and western A.sia. Leaves ovate 
crenate ; flowers small, fragrant, in short racemes ; 
fruits small, about 6 mm. in diam., black, on long 
pedicels. 

This tree is .sometimes jireferred to P. avium as a 
smek on which to bud sw'eet and .sour clierries. It 
is said to tend to dw^arf the sweet cherry tree 'and be 
overgrow'ii by it. Mahaleb seedlings are rejiorted to 
be highly variable in form and growth. A number of 
horticultural tyjjes are grown as ornamentals. It is 
usually projiagatcd through .see(lling.s, hut jirojiaga- 
tion can also be done through root cuttings (Rehder, 
475; Zielin.ski, 133: Chandler, 1957, 38i-'(9o). 

The fruits are hard and too bitter to be edible but 
can be used for making pies. The kernels contain 
amygdalili and arc said to be sold in Indian bazaars 
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lor use in indigenous medicine as a substitute for 
hydrocyanic acicl. Tliey are used also in the liquor 
industry and perfumery. The kernels yield 35 36 per 
cent of a drying oil of golden yellow colour and 
pleasant odour. "I'he oil has characteristics different 
from oils of almond, apricot, peach, plum and cherry. 
A sample of cold extracted oil showed : d";;] , 0.9282 
u , 1.4976 : viscosity at 20'', 1.45 and at 25"", 1.12 p. 
iod. val. (Kaufmann), 146.7 : thiocyanogen val., 88.7 
and imsapon. matter. 0.52 ’.. : constituent fatty acids: 
fi-eleostearic. 38.7: linoleic. 1S.4 ; and oleic, 41.3%. 
The oil may he useful as a drying oil in laccpiers 
(Marshall, 36 ; Kirt. &’ Basu, II, 963 ; Steinmetz, II. 
363 ; Wehmer, I, 479 : Clinu. Ahsir,, 1955, 49, 9294 ; 
Kckey, 460). 

The odoriferous leaves are used in the manufac- 
ture of perfumes and in cooking to give savour to 
sauces. They contain (piercetin, kaempferol, and 
probably /M'oumaric and ferulic acids. The leaves 
anti stems are reported to possess insecticidal 
properties. I’lie bark yields prunitroside. prunetin, 
7-methoxycoumarin and a bitter glycoside mahalcobo- 
side (C,.,l l,,i()s, m.p. 268''), Klavonic compounds, 
aromadendrine, naringenine, prunetine, and geni- 
steine have been isolated from the heartwood 
(Marshall, 36 : Bate-Smith, ], Linn. .Soc., flo/., 1961- 
64, 58, 39 : ('linn, /l/w/r., i960, 54, 16547 » 
i960, 21, 123). 

The wood is favoured for cabinet-tnaking and for 
the manufacture of pipe-stems (Marshall, 36). 

P. napaulensis Steud. syii. Padus napaulcnsis Schneid. 

FI. Br. Ind., II, 316 : FI. Assam, II, 178. 

N.F.1 \A. & N. Bknoai. Arnopaly ; A.s.sam — 
Sdionif. 

A moderate-sized to a fairly large tree, about 17 m. 
in height, found in temperate Himalayan regions at 
altitudes of 1,200-3,000 m. from Kumaun to Sikkim 
and in N.F.F.A., Khasi hills and Manipur. Bark dark 
brown, grey or greyish white, somewhat rough ; 
leaves 7.5-15.0 cm. x 3-6 cm., lanceolate, crcnatc- 
serrate'. Ilowers white, in racemes: fruits fle.shy, 1.75 
to 2.0 cm. long, black, globose, acid or .subacid. 

It is closely related to P. cornnin and resembles 
P. rrmsoidrs very much but can Ik- distinguished by 
the fruits which are more than twice as large. It is 
said to be often cultivated in Assam for its fruits. It 
is very frost hardy and so is a useful species for plant- 
ing for fuel in tea plantations at higher elevations. 
It can be .sown in lines 1.75 m. apart or raised in 
nur.sery under .shade for later transplantation 


(Macalplne, Tocklai exp. Sin. Mnnor., No. 24, 1952, 

146). 

'Fhe wood has a large white .sapwood and red brown 
heartwood, with numerous medullary rays atid a 
pretty grain. It is said to polish well and is used for 
planks in N.K.F.A. The leaves are said to be fatal 
when eaten by cattle [Cowan & Cowan. 59 ; Srinivasan, 
Rcc. hot. Sitrv. India y 1959, 17(2), 19I. 

The bark of P. napaulcnsis yields trilerpenes, 
friedelin (C.,„H..„(), m.p. 252 -56°) and epifriedelinol 
(QiuH .aO. m.p. 273-76°) (Barua & Maiti, Sci. lV C.uU., 
'957-5«- 23 , 155). 

P. pcrsica Batsch Pkacii, Nkciakink. 

1).F.P.. VI(i), 349 : FI. Br. Ind., II, 40 : Rehder, 463. 

Hindi /In/, sliaftaln. 

A .small tree u|) to 8 tn. high, with glabrous twigs ; 
leaves oblong to broad lanceolate, serrate, glabrous ; 
dowers solitary, pink ; fruits subglobo.se, 5 7 cm. 
across, ilesliy, with a hard and deeply pitted stone. 

This species is broadly divided into three varieties, 
var. pcrsica (Common Pkacii), var. ncctarina (Ail.) 
Maxim. (Nkciaiunk) and var. compressa Bean (Fi.ai 
Pe.u;h). 'fhesc are again subdivided into two groups 
ba.sed on the nature of the flesh, i.e. whether it is 
adherent to the stone (Clingstone) or free from it 
(Freestone) (Rehder, 463 : Mansfeld, 139). 

The peach is believed to be a native of China where 
a related species, P. davidiana k'ranch. is found grow- 
ing wild even today. It is considered to have been 
imroiluced tf) the west by way of Persia which, for 
some time, was believed to be the country of origin. 
The nectarine is identical with the peach in tree and 
flower characteristics, but differs from it only in the 
ah.seiicc of fuzz or |)ubescence on the fruit. It is 
believed to have arisen from the peach by seed and 
bud variation. Nectarines may spring from peach 
seeds and peaches from nectarines (Vavilov, 26 : 
Zielin.ski. 160 61 : Cullinan, Ycarh. /Igric., IJ.S. i)cp. 
Agric., 1937, 673). 

Peaches are grown in most jtarts of the temperate 
zones ; the major producer is U.S.A., where the |)each 
ranks second to the apple in importance. Other 
important producers are: Italy, France and Spain in 
Kurope, China and Japan in Asia, Argentina in 
South America, Australia and South Africa. In India, 
peaches are grown in Kashmir, Himachal Prade.sh, 
.sub-montane tracts of Punjab, Uttar Prade.sh, and to 
a limited extent in the Nilgiris. According to avail- 
able data, about 4cx) hectares arc said to be cultivated 
in Kashtnir, Kulu Valley, Himachal Pradesh and 
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Kiiniaiin hills, mostly under improved types intro- 
duced from other countries. Inferior types of peach 
are also grown over about 8(x> hectares in the sul>- 
montane regions of Punjal) and Uttar Pradesh. The 
cultivation of the peach appears to he expanding in 
some of these areas, tlie area in Himachal Pradesh 
aU)ne being estimated at more than 550 hectares in 
1965-66, in addition to about 3o,oof> wild peach trees 
occurring in the Kinnaur area of that State | Zielinski, 
160 ; Thapar, 105 : Singh, Farm Bull., No. 19, 1957 ; 
Srivastava & Sharma, Gardening, 1963. 4 (ii), i; 
Singh & Singh, Agric. Anitn. Hush., IJtiar Pradesh, 
19^6, 6(8). 17 ; Information from Director of Agricul- 
ture, Himachal Pradesh]. 

Varieties — In its long history of domestication and 
migration the peach is said to have taken innumer- 
able forms, some of which arc c|uite extreme. A 
certain peacli from China has fruits eacli weighing as 
much as 0.45 kg. and possessing rcmarkahle shipping 
(pialities. Another type, Sharbati, which is Indian, is 
said to yield a prolific crop under conditions existing 
in the plains of northern India, the fruits being of 
good <iuality. Red Ceylon, a type introduced into 
U.S.A. from Ceylon is considered a tropical peach, 
as it has an extremely low-chilling re(|uircment for 
flower induction and is sai<l to he successfully culti- 
vated in South and Central Florida. There is also a 
type which can withstand a continuous temperature 
of 32° (luring its period of ripening, and another 
which can stand atmospheric storage over five 
months ; a type from South Africa is said to thrive 
even on very rocky ground. A dwarf type from 
China begins to hear when only 35 cm. in height 
|Zielin.ski, 158-63 ; Ledin. Ecnn. Bot., i<;57, II, 368: 
Sturrock, 148 : Mukherjee & Singh, Indian Hort., 
;(;63--64, 8(3), 21 : Tao [iingtsiing, Indian J. Hort., 
1956. 13 , 58]. 

Many attempts have been made to devise a 
natural classification of the many hundreds of types 
(c. 3,000 in U.S.A. alone) ot the cultivated peach, hut 
the large nunil)er of new types which continue to he 
produced, as well as the variation occurring when 
types arc grown under different conditions, are said 
to make this task virtually impos.sible. An arbitrary 
system has been suggested based upon the presence 
or absence of pubescence, clingstone or freestone, 
colour of llcsh, shape of fruit, time of maturity, and 
lastly the processing quality of the fruit, viz. suit- 
ability for canning, freezing or dessert u.sc (Zielinski, 
158-63: Cullinan, Yearb. Agric., U.S. Dep. Agric.^ 
*937. 673)- 


The chromosome number of the peach is 2n— 16. 
The peach has been hybridized witli the plum and 
almond. Though the hybrids are sterile, some arc 
said to show promise as rootstock to the peach. Most 
of the commercially important types of j)cach are 
.self-fertile, hut a few types are said to he self- 
incompatible because of pollen sterility. Extensive 
breeding work is in progress to evolve new types able 
to meet various re(|uirements such as resistance to 
cold, low winter chilling re(|uireinents. desirable 
processing ([ualitics and higher fruit quality with 
regard to size, firmness, flavour and appearance 
(Zielinski, 163 : Garnaud. If, 74 : Cullinan. loc. cit. ; 
Crane Lawrence. 125). 

Among the important types grown in India arc: 
Alexander, Peregrine, Farl\ Rivers, Duke of York, 
Babcock, Elherta, Hone\, J. H. Hale, and C. O. Smith 
introduced in the growing regions in northern India. 
Halheria (Uant, a cross between J. H. Hale and 
Elherta, is being tried in Himachal Pradesh : it has 
very large attractive fruits, with firm juicy sweet pulp 
and like Elherta is considered to he a good canning 
type. Totapari is said to he a very good canning peacli 
extensively grown in the Ramgarh area of Naini Tal 
district (Uttar Pradesh). Killikarankie and Shanghai 
Seedling are the two types which are found to he 
successful in the Nilgiris (Thapar, loS : Naik. 345: 
Information from Directorate of Fruit Utilization, 
Uttar Pradesh). 

Cl^t/m^ATTON 

Climate and Soil Of all the temperate fruits the 
peach has the least chilling re(|uirements and it is 
grown to a limited extent in the plains as well as in 
the sub-montane areas and in the hills. But peach 
types of high quality and exc|uisite taste thrive well 
in mild hilly areas. In the jilains, the peach docs not 
thrive because of the hot .scorching winds prevalent 
in summer, fn the Himalayan region, elevations of 
8^0-1.700 m. are most suitable for its cultivation. In 
tiie Nilgiris. it is being grown at elevations of 1,300 - 
1,750 m. A breeding programme has been initiated 
in India to evolve superior types that can thrive under 
sulKropical conditions. While the tree can thrive and 
prcxluce profitable crops on a great range of soil types, 
the best soils are, however, well drained, light .sandy, 
gravelly or rocky loams, which arc fairly fertile. The 
soil nitrogen recplirement of the peach tree is said to 
he higher than that of other temperate fruits, except- 
ing the almond (Dewan, Punjab hort. J., u/n, 2 , 96 ; 
Chandler, 1957, 379-80 ; Tliapar, 106 : Hayes, 436-37 ; 
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Krishnaniurthi, ii8; Randhawa ct nl, Indian J. 
(tgrk\ Sci„ 1963, 33 , 129 : Shoemaker & Teskey, 189 ; 
Talbert, 81-82). 

Propagation — ^Tlic pcacli is usually propagated in 
India by ring budding or shield budding on seedling 
peach stock. For raising seedlings, seeds extracted 
from fresh fmit and washed well give best results, as 
otherwise they lose iheir viability. Properly dried and 
cured seeds may be kept for 4 years or more in cold 
storage. Peach seeds take a long time to germinate ; 
it may be necessary sometimes to carefully crack open 
the shell and plant the kernel in order to obtain 
cpiicker germination. Twenty-month old seedlings are 
reported to have given best results as stock in the 
Nilgiris. Plum stock has been tried hut is said to have 
proved uncongenial. The peach thrives well when 
Imdded on bitter almond stock or on apricot seedlings. 
Apricot rootstock has been used sometimes in U.S.A. 
to prevent root knot nematode infestation: several 
peacli types have also been tried .successfully for this 
purpose and Shalil, a type introduced from India, is 
said to be one amongst them |Tliapar, 106 : Singh & 
Singh, Agric. Anini. Hush,, Uttar Pradesh, 1956, 6(8), 
6 ; Cochran et al, Ycarb. Agric., U.S. Dep. Agric., 

1961, 233 ; Mustafa, Indian Fmg, 1941, 2 , 124; Shah, 
ibid., 1946, 7 , 584 ; Shetty, Madras agric. /., 1950, 37 , 
126; Chandler, 1957, 380-81], 

Planting and Ctdtnrc -The plants arc set at a 
distance of 5-7 m. from each other. To ward off 
attack hy white ants, to which the peach is said to he 
very su.sceptihle, the plants are irrigated immediately 
after planting, with water to which aldrin has been 
added at the rate of 10,5 g. per 10 litres of water. The 
peach orchard needs thorough cultivation and 
mulching with a cover crop grown during rainy 
.sea.son and ploughed under during winter. Applica- 
tion of inorganic fertilizers depends upon the age and 
growth of trees and type of soil. Trees in full bearing 
should make an annual growth of 30 -45 cm. at the 
tips of leading branches to maintain maximum 
production, and enough fertilizers should he applied 
to bring about such a gimvth. Irrigation may be 
necessary in the dry and hot season and again after 
fruit set till harvesting time fTliapar, 106 : Dewan, 
Ptmjah hort. /., 1962, 2 , 96 : Thakiir, Himachal Hort„ 

1962, 3(4), 17 : Katyal & Chadha, Fcrtil, News, 1963, 

8(8), 23 ; Bailey. 1947. -49^ ’ Singh & Singh, loc. 

cit.]. 

Young peach trees planted as replacement in old 
peach orchards are sometimes stunted in growth. 
This is shown to he due to the toxic effect of sub- 


stances in the soil produced by microbial breakdown 
of amygdalin contained in the residue of dead roots 
of the previous crop of peach trees. The roots of grow- 
ing peach plants may also be attacked by nematodes, 
fungi and in.sects with similar re.sults (Patrick, C.anad. 
/. Rot., 1955, 33 , 461 ; Mountain & Patrick, ibid., 1959, 

459)* 

With the exception of a few types, the peach is self- 
fertile and can be planted in solid blocks. But better 
setting of fruit is said to be obtained if several types 
are planted in strips of two rows each. The provision 
of honey-beehives in the orchard will be helpful in 
pollination and fruit set. Artificial cross-pollination is 
reported to improve fruit set significantly (Talbert, 
83 ; Chandler, 1957. 374 : Randhawa ct al., Indian J. 
agric. Sci., 1963, 33 , 129). 

PrMwmg- -Pruning is done in young trees mainly to 
develop a strong framework and in old hearing trees 
to maintain a low bearing .surface. The modified 
leader .system has proved quite saii.sfactory, and is 
becoming more common than open centre system. In 
peach, fruits are borne laterally on one-year old wood 
or on .short spur-like twigs. Judicious pruning is 
necessary to produce new w^ood annually. Peach tree 
requires in general more annual pruning than most 
other temperate fruit trees. Besides pruning, thinning 
is also done when fruits are set, in order to prevent 
breakage of branches hy the weight of the fruit and 
obtain fruits of good marketable size. This is done 
.soon after the natural drop has taken place in May- 
Junc, the distance allowed between fruits depending 
upon the type and condition of the tree and the size 
of fruits desired for the market |Thapar, 107 08 : 
Sham Singh et ah, 336 37 ; Singh & oingh, Agric. 
Anim. Hush., Uttar Pradesh, 1956, 6(8), 15: Balhir 
Singh, Indian Hort., 1962-63, 7(2), 16 : Srivastava, 
ibid., 1964-65, 9(3), 1 1 : Shoemaker & Teskey, 
254-fe]. 

Diseases and Pests ~ The peach is subject to a 
number of diseases and pests in this country. Leaf 
curl caused hy the fungus Taphritia deformans 
(Berk.) Tul. is common in the hilly areas, where it 
acts as the main limiting factor in the expansion of 
peach cultivation : it is said to he absent in the 
plains. Tlie leaf curl fungus is said to be usually 
found in association with the leaf curl aphid 
Brachycaudus helichrysi Kattenbach. The tree gets 
stunted and the infested leaves curled. Removal of 
infected parts and .spraying the trees with lime 
sulphur or Bordeaux or Burgundy mixture or a suit- 
able copper fungicide or wcttable sulphur, before the 
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Inids hurst into leaf, is rceoinincndcd. Mildew, caused 
by Sphaerothcca pannosa (Wallr.) infects leaves 
and fruits. Dusting with flowers of sulphur or spray- 
ing with lime sulphur is said to check this disease. 
Frosty mildew, caused hy Crrcosporclla pcrsicac Sacc., 
has ])een reported from Himachal Pradesh ami steiii- 
hlack disease, caused liy Coniothevium cliomato- 
sporum Corda, is said to he prevalent in Kumaiin. 
Mode of infection and control measures are similar 
to those in the case of the apple (cf. Malus), Rust, 
caused hy Pmxima pnaiispinosac Pers., and shot hole 
or gum sj)ot, caused hy Clusterospnrium carpophilttm 
(Lev.) Aderh., are other diseases recorded affecting 
peach trees. A mixture containing the sulphates of 
copper, iron and zinc along with borax and unslaked 
lime dissolved in water is said to ‘have proved very 
heneficial in Punjah as prophylactic spray against 
most of the diseases of leaves, hranches, stem and 
bark [Singh Singh, /IgnV. /lu/m. Hush., Uitar 
Pradesh, 1956, 6(S), 24 : Singh, Mise. RulL, ivip. Conn. 
agric. Res,, No. 51, 1942 ; Jain, Himachal Hart,, 
1961-62, 179 ; ibid., 1962, 3(4), 11 ; Sliam Singh 

et al„ 351-52 : Sohni el ai, hidian Phytnpath., 
1964. 17 , 42: Anderson, 215, 256: Butler & Joties, 
770, 762, 776, 779; Paracer, Pinijah hurt, 1961, 
1, 169I. 

"ratter leaf disease, caused hy a virus, is common 
in the hill regions of Punjab and Himachal Pradesh, 
'riie affected leaves are riddled with holes. Bacterial 
gummosis, caused by Pseudomonas sp., is fre(|uently 
encountered on peaches and other stone fruits in some 
areas like Himaclial Pradesh. The infected parts are 
removed and burnt and the wounds washed with 
spirit and dressed with Bordeaux paste (Nagaich 
Vashisht, hidian Phytopalh., 1965, 18 , 2S8 : 
Agarwala, Himachal Hort., 1961, 2 , 49). 

The following fungi have also been recorded on the 
peach in fiidia : Rotryodiploidia persicac Died., 
Cladosporinrn carpophilum Thum., Fomes ,senex 
Nees & Mont., Oidinm sp., Ph\lloslicta prunicola 
Sacc., Polyporus hispidus Fr., P. ostreiformis Berk., 
Polyslictns steinheilianus Berk. & Lev. (syn. P, 
hirsutus Fr.), Rhizopus arrhizns Fischer. R. nigricans 
Khrenb., Rosellinia sp., Sclerotinia cinerea Schroet. 
and Transzschelia punctata (Pers.) Arih. (Butler. 
Bisby & Vasudeva, 435 : hidian /. agric. Sci., 1950. 
20 , 107). 

The peach leaf curl aphid, Brachycandus helichrysi 
Kattenhach, is the most .serious pest of the peach in 
India, local types being more susceptible than intro- 
duced American types. The pest migrates and breeds 


during summer on alternate hosts like Ageratum 
conyzoides and Krigeron canadensis. Spraying with 
nicotine sulphate or Diazinon is said to give effective 
control. "I’he mealy aphid, Hyalopterus pruni 
(k'offroy (//. arundinis Fahr.) has been recoriied 
from Punjab and Mysore. It is said to find optimum 
conditions for feeding and breeding lontinuously 
througbout the year at an elevation of about i,2(K) m. 
but occurs as a minor pest at higher elevations. The 
fruits of the intesied plants are often small and a 
large proportion of them fall off prematurely. Most 
of the contact poi.sons are ineffective luit a rosin- 
tobacco mixture has been found to be satisfactory 
and cheap. The green aphid Myzus persicac Sul/.., 
and the black aphid Pterochlorus (f.achnus) persicac 
Cholodkovsky are two minor pests on the stem and 
branches and their control is similar to that of the 
mealy aphid (Pruthi & Barra. Bull. Indian Coun. 
agric. Res., No. 80. i960, 84 88 : Singh, Hort. 

Advance, 1959, 3 , 123). 

The scale insect Pseudaiilacapsis pentagona 
Targioni is causing increasing damage in Kumaun 
and Assam ; similarly, the bug, lA^gacus (Spiloste- 
thus) pandurus Scop., is said to have become a regular 
pest of peach and other orchard fruits. Other insect 
pests recorded are: Afyllocerus undecim-pustulatus 
Faust (weevil), Sphenoptcra lajertci 'Fhomson (hupre- 
stid borer), Macrotoma crenata Fabr. (peach borer), 
Anarsia lineatella Zeller (peach twig borer) and 
Cacoecia epicyrta Meyrick (leaf roller caterpillar). 
Young trees in the nursery and up to 2-3 years after 
setting ill the orchard are liable to attack of .a beetle, 
Chrysohothris .sp., whose grubs develop in the bark 
(Pruthi & Batra, Bull. Indian ('nun. agric. Res., 
No. 80, i960, 89, 91-92, 94 96. 99: Cupta, Sci. & 
Cult., 1959-60, 25 , 446). 

Harcesting and Yield — 'I'he peach crop comes to 
harvest from May to September. On the Nilgiri hills 
the crop comes to fruit in May-June hut off-season 
bearing in November and December is also reported. 
Harvesting is done in different stages of maturity 
depending upon how the crop is to be marketed or 
utilized. Peaches are picked when they are still hard, 
as they ripen well in storage or transit, 'riie luofit- 
ablc bearing life of the peach tree is comparatively 
short, i.e. 15 20 years. The yield per tree iti India is 
reported to be about 40-80 kg. ["riiapar, : Singh 
& Singh, Agric. Anim. Hush., Uttar Pradesh, 1956, 
6(8), 20; Dewan, Punjab hort. /., 1962, 2 , 96; 
Saptharishi & Aiwa, Madras agric. 1953, 40 , 548 ; 
Shoemaker & Teskey, 265-72). 
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UTII-r/A'riON AND ClIKMICAL CoMPOSl'IION 

IVachcs arc a favourite tal)lc fruit, but being highly 
perishable, are hard to transport and store. Freestone 
peaches arc soft and juicy when ripe and are mostly 
used as dessert ; clingstone peaches arc large, hard- 
fleshed and almost inedible in the raw state, hut 
become delicious when cooked in syrup ; they arc 
mostly used for canning. In India, small cpiantities of 
peaches are processed in Uttar Pradesli (Table 3). In 
(’oiintries like U.S.A., Australia, South Africa. Canada 
and Japan, large ([uaiitiiies are canned, dried or 
frozen : beverages such as juice and nectar, or peach 
brandy are also prepared (Hill, 393 ; Stanford, 435 ; 
Information from the Directorate of Fruit Utiliza- 
tion, Uttar Pradesh). 

Peaches are a fair source of sugars, thiamine 
and ascorbic acid ; some types contain appreciable 
amounts of vitamin A. Ripe peaches from Coonoor 
markets contained per cent of edible matter (flesh 
and skin), which on analysis gave: moisture. 86.0; 
protein, 1.2 : fat, 0.3 ; fibre, 1.2 : other carbohydrates, 
10.5 : and minerals, o.SV;', ; calcium, 15.0 : magnesium, 
21.0; oxalic acid, i.o; iron, 2.4; total phosphorus, 
41.0; phytin phosphorus, 1,0; sodium, 2.0 ; potas- 
sium, 453.0 ; copper, 0.06 ; sulphur, 26.0 : vitamin A, 
nil ; thiamine, 0.02 ; riboflavin, 0.03 ; nicotinic 
acid, 0.5 ; and ascorbic acid, 6.0 mg./ too g. Vitamin 
A values of ripe peaches from Delhi, Quetta, and 
Peshawar markets were recorded as 450, 1,360, and 
1,660 I.U./ioo g., respectively (Tressler & joslyn, 
449”5* » Nutritive Value of Indian Foods, 72, 107, 
136 ; Balasuhramanian et aL, Indian /. med. Res,, 
1962, 50 , 779 : Sadana & Ahmed, /. .sc/, industr. Res,, 
1949, 8B, 35 ; Sherman, 691). 

The average composition of flesh of the Red IP/z/g. 
Foster, and Red Nectarine types of Indian peaches, 
grown in Chaubattia (Almora) is re.spcctively as 
follows: total soluble solids (Brix), ii.o, lo.o, 10.5'' ; 
acidity, 0.51, 0.62, 0.46% : total sugars, lo.o, 8.5, 
10.0“., : reducing sugars, 3.0, 2.8. 2.0‘V, : non-reducing 
sugars, 6.65, 5.3, 7.6';,. : and ascorbic acid, 1.4, 5.2, 
9.8 mg./ too g. The acids present in peach are mainly 
malic and citric, the proportions of which vary enor- 
mously in fruit from different sources. American 
peaches contain on the average 5.7 per cent of sucrose 
and 2.0 per cent of reducing sugars, the correspond- 
ing values recorded for Kuropean peaches being 2-10 
and 2-7 per cent respectively. During ripening of the 
fruit, there is a steady increase in both sucrose and 
reducing sugar contents, disappearance of starch, and 
the transformation of protopcctin into pectin without 


appreciable change in the total peciic substances. An 
average of 0.86 per cent peciic substances is reported 
in ripe peach flesh, 'rannin occurs in small amounts. 
A leucoanthocyanin has been isolated from peaches 
|Srivastava & Srivastava, Allahabad Fmr, 1966, 40(ij, 
25; Thorpe, IX, 255; Kertesz, 310; Chem, Ahstr,, 
1965, 62 , ^7 1. 

Esters of linalool with formic, acetic, pentanoic, and 
octanoic acids, together with traces of acetaldehyde 
were earlier reported to he the odorous constituents 
of peach pulp. Recent work has, however, shown the 
presence of several lactones to which has been attri- 
buted the basis of the characteristic peach flavour. 
'Fhe volatile components definitely identified in the 
fruit include y-hexalactone, y-heptalactone, *y-octalac- 
tone, y-nonalactone, ^-decalactone, ethanol, hexanol, 
benzyl alcohol, acetaldehyde, henzaldehyde, acetic 
acid, pentanoic acid, hexanoic acids, hexyl formate, 
methyl acetate, ethyl acetate, pentyl acetate, hexyl 
acetate, trrt;w-2-hexcnyl acetate, iKiizyl acetate, ethyl 
benzoate, and hexyl benzoate (Nursien & Williams, 
('hem. & Ind,, 1967. 486). 

Canned Peach — l"or canning, firm ripe mature 
fruits of maximum size are processed soon after 
picking ; fruits to be held for some days arc kept in 
cold storage at 0-2®. The peaches are cut anti pitied 
by hand or machine, peeled by treatment with hot 
lye or steam, and washed. The peeled material is 
blanched in hot water or steam to remove traces of 
lye and to inactivate the oxidase responsible for the 
browning of surface. The fruits are then sorted, 
graded and sliced before filling in the cans. The total 
loss in weight of peaches in the canning process due 
to removal of pits and peel averages 30-35 per cent. 
Bulk of the ascorbic acid in the fruiis is lost during 
lye peeling (Unless, 136, 139- 48 : von Iioesecke, 1942, 
90 ; Dhopeshwarkar & Magar. /. sd. industr. Res., 
'954. OB, 349). 

Peach Nectar- \* or the preparation of peach nectar, 
the puree obtained from peaches is blended wilh sugar 
syrup, and acidified wilh cirric acid. Press peach 
juice is considered somewhat better than sugar syru[) 
for the blending of puree. Canned peach nectar con- 
tains: moisture, 87 g. ; carbohydrates, 31 g. ; and 
calcium, 10 ; iron, 0.5 ; thiamine, 0.02 ; riboflavin, 
0.05; nicotinic acid, i.o; and ascorbic acid, i.o 
mg./i(x> g. ; vitamin A value, 1,070 l.U./ioo g. 
Protein anil fat arc present in traces (Tressler & 
Joslyn, 818-20, 938). 

Dried Peach — Freestone peaches of large size and 
high sugar content with rich golden yellow flesh and 
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pleasing flavour arc selected for sun drying. They arc 
cut and pitied, exposed to sulphur fumes, and dried 
in the sun when a golden yellow product is obtained. 
Clingstone peaches are usually dried in dehydrators 
at 185-2 1 2®F. after lye peeling and sulphuring. Dried, 
sulphured peaches contain : water, 24.0 ; protein, 
3.0 ; fat, 0.6 ; fibre, 3.5 ; oilier carbohydrates, 65.9 ; 
and ash, 3.0%; calcium, 44; phosphonis, 126; iron, 
6.9 ; thiamine, 0.0 1 ; riboflavin, 0.2 ; niacin, 5.4 ; and 
ascorbic acid, 19 mg. ; vitamin A value, 3,250 I.U./ 
100 g. Dried peaches are used in the preparation 
of peach chutney. Cooked peaches are preserved with 
the addition of spice and sugar (von I^oesccke, 1942, 
470; Criiess, 380, 455-56, 495-96; Watt & Merrill, 
Agric, Handh., US. Dep. Agric., No. 8. 1950, 37 ; 
Girdhari Lai et al.y 207). 

Peach Kernel Oil — ^Thc peach pits which are avail- 
able in considerable quantities in the canning and 
drying industries find limited use for fuel purposes 
or in poultry feeds. Pits yield 911 per cent of kernels 
which contain (dry matter basis): fat, 39.9: protein, 
31.2 : crude fibre, 14.8 ; sugars, 2.2 ; starch, 3.6 ; and 
mineral matter, 2.7?'.. Amygdalin occurs in the 
kernels to the extent of 2.35 per cent. As in almond, 
amandin is the principal protein in peach kernels. 
The kernels after removal of amygdalin by hydro- 
lysis, are reported to be useful as substitute for al- 
monds. They contain 32-45 per cent of a semi-drying 
oil, known as Peach Kernel Oil, which is used for 
the same purposes as Apricot Kernel Oil (q.v.). 
Because of the difliculty of drying and cracking peach 
pits, as compared with apricot pits, comparatively 
small amount of peach kernel oil is commercially 
prepared. The expressed peach oil has a yellow colour 
and a strong flavour and odour of bcnzaldehydc 
cyanhydrin. It can be easily refined. The characteri.s- 
tics c^f the oil arc nearly the same as those of apricot 
kernel oil and are summarized in Table i (p. 255). 
Peach kernels from Naini Tal. on extraction with 
petroleum ether, gave 43.6 per cent of an (Klourlcss, 
pale yellow oil (iod. val. 85.4), the fatty acids of which 
comprised 94.2 per cent li(|iiid and 5.8 per cent solid 
acids [Kester, Yearh. Agric., U.S. Dep. Agric., 1950- 
593 • Wahhab & Khan, Pakist. J. sci. Res., 1956. 
8 , 80 : Winton & Winton, I, 487 : Kckey, 459 ; 
Jamieson, 173; Kirschenbauer, 198: Bush & Cagan, 
Tndustr. Kngng Chem., 1947, 39, 1452 ; Dhar & 
Chaiihan, Agra Univ. J. Res. (Sci.), 1963, 12 (i), i]. 

The press-cake obtained after the expression of 
fatty oil can be used as a source of oil of bitter 
almonds (q.v.). The yield of the essential oil is rej)ort- 


cd to be 0.7 per cent from the kernels. The cake 
(nitrogen, 7.9%) can be used as a fertilizer and after 
debittering as a cattlefecd [Krishna & Bad h war, J. 
sci. industr. Res., 1949. 8(10), siippl., 168-69 ; Wahhab 
& Khan, loc. cit.]. 

Peach pit shells on powdering form a soft grit 
u.sefiil in cleaning machine parts by blasting. On 
destructive distillation, they yield a high quality 
charcoal suitable for use in case hardening or heat 
treatment of steels by carburizing. An activated 
carbon comparable to Norrit A in its adsorptive 
capacity has been prepared from them (Clark & 
Lathrop, Bur. agric. industr. Chem., U.S. Dep. Agric., 
AIC-352, 1953, 10, 23, 30 ; Wahhab & Khan, loc. cit.). 

The seeds, flow^ers, leaves and bark have the odour 
and taste of bitter almonds, and on hydrolysis yield 
hydrocyanic acid. The leaves yield a volatile oil upon 
distillation and the distillation water prepared from 
the leaves contain 0.04-0.14 per cent of hydro- 
cyanic acid. The leaves also contain a tannin-like 
substance (8%), qucrcitin, kaempferol, caffcic acid 
and /)-coumaric acid. '^Tlie leaves arc said to be laxa- 
tive and were formerly used as an anthelmintic. 
An infu.sion of leaves or bark is given in coughs, 
especially whooping cough. The leaves and blossoms 
as well as the kernels are poisonous. Peach flowers 
arc stated to be purgative and anthelmintic. White 
flowers yield trifolin (kaempferol 3-galacfoside) 
(U.S.D., 1955, 1019 : Kil t. & Basil, TI, 954 ; Chopra et 
at., I, 364; Howes in Wiesner, Lieferung i, 257; 
Batc-Smilh, /. Linn. Soc., Bot., 1961-64, 58 , 39; 
Chem. Ahstr., 1961, 55 , 14448). 

Peach gum exuded from the tree is composed of 
5 parts of D-galactose, 6 parts of i.-arahinose, 2 parts 
of D-xylose, L-rhamnose (c. 2'',',), and i part of 
D-glucuronic acid. The root hark is said to have been 
used as the source of a dye. The timber of trees past 
bearing is used for building and other purposes 
(Smith & Montgomery, 272). 

Trade — Very small quantities of fresh jicaches 
have been exported in some years, but larger quan- 
tities of them are being imported annually, the 
main .supplying country being West Pakistan : in 
recent years the import is cither small or nil. Tables 4 
and 5 give details of exports and imports of peaches 
during 1960-61 to 1967-68. 

P. salicina Lindl. syn. P. triflora Roxh. 

Japani-:.sk Plum 

FI. Br. Ind., 11 , 315; Bailey, >947. Hh 2826, 

Fig. 3073-74. 32 '< 5 . 
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A small, ])iishy tree with glabrous bninchcs ; 
leaves mostly oblong-ovate, abruptly acuminate, 
serrate, shining above and dull beneath ; flowers 
white, 2 -3, appearing clustered on the spurs ; fruit 
mostly large and firm, ovoid globose, yellow or light 
red but never blue or purple, witli deep suture ; flesh 
reddish yellow. 

It is a native of C^hina and Burma and is said to 
have been introduced into Japan from where it was 
taken to U.S.A. Many types of the Japanese plum 
and its hybrids with other related species are said to 
be highly prized in parts of U.S.A. They arc also 
reported to be cultivated in the Khasi and Jaintia 
hills for their fruit. A number of types of the 
Japanese plum have been introduced into India for 
cultivation in the Himalayan regions and in the 
Nilgiris. They are the only plums said to thrive in 
the Nilgiris where they have been found to be most 
prolific and remunerative at elevations ranging from 
about 1,400 to 1,800 in. The types successful there 
are: Gavinta, Shim, Ahunclaiicc, Czar, Kelsey, 
Sutsuwa, Hale and Ruhia. 'fheir cultivation in South 
India is, however, very limited (c. 60 ha.) and they 
are not as popular as apples, mainly because they arc 
more easily perishable. Most of the plum types licing 
grown in northern Indian areas, such as Santa Rosa, 
Beauty, Kelse\, Bright Reel, Burkbank and Satsmna 
arc also P. salidna types | Zielinski, 155; Naik, 330; 
Rao, Madras agrie. ]., 1946, 34 , 44 : Rajeiidra Singh, 
Himaehal Hurt,, 1961, 2(3), 79]. 

The Japanese plums are more spreading in habit 
than the common plums (P. domcstica) and the trees 
are hardy, very vigorous and very pnKluctive. They 
tolerate a variety of soils and climatic conditions and 
are said ti) have extended in America the area of 
profitable plum growing into districts where P, 
domestiva had failed. Some types of the japane.se 
plum are said to have been acclimatized to sub- 
tropical conditions in the sulMiiontam? districts of 
Punjab and Uttar Pradesh and they have even ac- 
(piired vernacular names, though their original 
source and history arc not clearly known. Morpho- 
logical studies of a few of them have been carried 
out and trials under conditions obtaining at Delhi are 
said to have shown that some are suitable for com- 
mercial cultivation (Caillinan, Yearh, Agric., U,S, 
Dcp. Agric., 1937, 7^3 • Zielinski. 155 ; Bailey, 1947, 
III, 2715; Ranclhawa & Nair, Indian J. Hurt,, ujlky, 
17,144). 

The diploid chromosome number of P. salidna is 
said to be 16. It docs not cross with P. domcstica. 


but it has been cros.sed with P, sitnonii Carr. (Simon 
or Apricot I^.um), to produce some very desirable 
hybrid types like Wickson and Shiro which have 
been introduced into this country. It has also heen 
crossed with P. munsoniana W.F. Wight & Hedr., a 
native American plum, to give rise to some hybrids, 
one of wbicb. Excelsior, has been introduced into 
this country. Several of the .so-called plumcots are 
thought to be hybrids between P. salidna and P. 
armeniaca (Zielinski, 155-56 : Chandler, 1957, 352). 

The cultivation of the Japanese plum is similar to 
that of the common plum. Since many of the types 
are self-sterile, suitable interferlile types should l>c 
planted together. Hale, one of the types under culti- 
vation in the Nilgiris has been found to be a suitable 
pollinator for most of the other types cultivated there. 
A few types of P. domestica arc said to pollinate some 
types of P. salidna well enough to produce a good 
crop, but the pollen of the latter arc unable to polli- 
nate and cause fruit to set in P. domestica. Bees visit 
the blossoms eagerly and surplus honey is said to be 
collected from this source in the Nilgiris |Naik, 334 - 
35; Kuppuswami. S. Indian Hort., 1954, 2 (i), 14; 
Chandler, 1957, 350; Randhawa &. Nair, Indian /. 
Hort,, i960, 17 , 96 : Singh, ibid., 1954, 11(2), 49]. 

One-year old peach seedlings (probably of P. 
persica var. compressa) are very commonly used as 
rootstock to propagate the Japanese plums in the 
Nilgiris. by shield budding. However, all the types 
are not perfectly compatible on this peach and 
attempts have been made to use P. ccrasifera var. 
divaricata Bailey as rootstock. Propagation by stem 
cuttings treated with /J-indolyl butyric acid is .said to 
have Ixfcn successful. The Japanese jilums can be top 
worked on P. domestica and will make durable trees, 
but when it is done the other way, the P. domestica 
trees are .said to be short lived. Japanese plum trees 
bear more heavily than iho.se of the common plum. 
To secure fruits of good colour and size, pruning and 
thinning of fruits is necessary. An open-centre type 
of tree has been rei ommendecl for all Japanese plums 
grown at Coonoor. It is not advisable to shorten the 
spurs which are short and produce fruit buds only 
laterally, whereas lateral shoots which are mainly the 
spur producers can be vshortened to stimulate spur 
production. Spurs can advantageously be thinned to 
spacing of about 15 cm. Trials on thinning of fruit 
at the marble stage of Rubio, a prolific type, is .said to 
have resulted in increase of individual fruit size by 
about 50 per cent above normal, though gross yield 
was reduced by about 40 per cent. The other advan- 
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tagcs claimed for fruit thinning are a nnirh higher 
price obtained l)y the larger fruit, better colour and 
more tiniform ripening. Among Japanese plums the 
type Beauty demands most severe thinning, while 
Santa Rosa, only light thinning. The beneficial effect 
of thinning on the Japanese plum has been further 
confirmed by trials carried out in Simla hills. Hand 
thinning is said to have |)roved more effective than 
thinning with chemical sprays. Harvest of .some early 
types begins in Coonoor towards the end of April and 
continues till June in some late types. Off-season 
hearing during December in some types has been 
reported from this area. In the Himalayan region, the 
different types are harvested in July-August. Yields 
up to a maxinuim of about 45 kg. of fruits per tree 
have been rejwrtcd from Coonoor while in areas of 
Himachal Pradesh some prolific types yield as much 
as 110-150 kg. |Naik, 535-39 ; Kao. Madras a^ric. /., 
1946. 34 , 44 ; Chandler. 1957, 352 : Dikshit. .Sc/. & 
Cult,, 1956-57, 22 , 391 ; Saptharishi 6 i Azariah. 
Madras agric, /., 1952, 39 , 455 ; Kirpal Singh & 
Bajw'a, Punjab hurt. 1964. 4 , 23 : Sham Singh et 
al„ 340: Balhir Singli. Indian J. agric. Sci„ 1961. 
31 , 64; Rajendra Singh. Himachal liort,, 1961, 
2 ( 3 ). 791 - 

The fruit fly. Dacus iucisus Wlk., and the San 
Jose scale, Aspidiotus pcrniciosus Comst., are reported 
to attack the plum in Coonoor (Naik, 340). 

The storage life of harvesied fruits is 20-28 days 
at 0-2”, ‘depending on the type of the fruit. Post 
storage life at 20-21" was 5 days and at 22-29® (room 
temperature) 2 -3 days (Srivastava & lySouza, Food 
Sci„ 1962, II, 219). 

The fruits are very large and attractive. The 
(piality of the fruit is not etpial to that of the best 
types of /^ domrstica, hut the fresh fruit is said to he 
delicious in its blend of flavours, and is tisually so 
firm that it traii.sports well. Analysis of the edible 
matter (90-95“/, of the fruit) of Shiro, Gaviota, Hale, 
Rubio and Satsuma types obtained from the Pomo- 
logical Station, Coonoor, gave the following ranges 
of values: moisture, 85.5 88.6; j)r()tein, 0.^-0.*]; fat 
(ether extr.), 0.2-1. o ; fibre, 0.3- 0.7 ; other carbo- 
hydrates, 9.5-12.8: and mineral matter, 0.3 0.5%; 
calcium, 10 20 ; phosphorus, 10; iron, 0.3-0.6 ; 
vitamin C, 2-13 ; thiamine. 0.01-0.03 : nicotinic acid, 
0-0.6; and riboflavin, 0.03-0.19 ing./icx) g. ; caro- 
tene (as vitamin A). 42-608 T.U./ioo g. [Nutritive 
Value of Indian Foods, 73, 108, 136: Belavady & 
Balasuhramanian, Indian J. agric. Sci., 1959, 29 ( 2 & 3 ), 

> 5 *]- 


The fruit is considered stomachic and gootl for 
allaying thirst ; it is given in arthritis (Kirt. & Basil, 

Tlie hark of the tree contains /?-sitosterol, myricyl 
alcohol, probably theogallin and two crystalline 
compounds (m.p. 98° and 117®) (Chakravarti & 
Chakravarti, /. Indian chcin. Soc., 1966, 43 , 65). 

P. arborea (Bltime) Kalkm. var. niontana (Hook, f.) 
Kaikm. syn. Pygeum monlanum Hook. f. : P, ciliatum 
Koehne ; P. ocidlatum Koehne (Kii.asi — Dicng<lia- 
lawamsynrang) is a small- to medium-sized tree, 
with white fragrant flowers, found in the eastern 
Himalayas and plains and hills of Assam up to alti- 
ttides of 1,650 m. 'I’hc wood, whicli smells of hitler 
almonds, is reddish brown and seasons well, hut is 
not reported to be used exce|)t for fuel [Kalkman, 
Blumca, 1965-66. 13 , i ; FI. Assam, II, 187 : Krishna 
& Bailhwar, /. sci, indust r. Res,. 1949, 8(10), stippL. 
161]. 

P. jacquemontii Hook. f. is a dwarf shrub with 
small sharply serrate leaves, pink flowers and bright 
red fruit found in the western Himalayan areas of 
Garhwal and Kumatin at altitudes of 2,500-3.500 m. 
It is grown as an ornamental. The plant is said to be 
very much browsed down by sheej) (Osinaston, 202). 

P, javanica Mi(|. syn. P, martabanica Kiirz is a 
large evergreen tree, up to 25 m. in height anil 1.7 
3.0 m. in girth, found in the South Andaman Islands 
and distributed in Burma and Malay Penin.sula. It 
has a dark chocolate-brown bark peeling off easily 
from till* sapw'ood and having a pleasant smell like 
that of the essence of almond. The wood (wt., 
688.5 kg. /cu.m.) is cross-grained, reddish yelknv in 
colour and has an almond-like smell. I'he bark is 
reported to be used for rice bins and as vermicide 
(Parkinson, 162 ; Rodger. 35 ; Kalkman, Blunica, 
1965-66, 13 , i). 

P. jenkinsii Hook. f. (Ass.\m- Bontlieraju, dieng- 
solhsatangdii) is an evergreen medium-sized tree 
attaining about 17 in. in height, and possessing a 
dark grey or brown bark, lanceolate serrate leaves, 
white (lowers in racemes and an ovoid or sub-globose 
acid fruit, c. 2.0 cm. long. The tree is found in Assam 
and is said to be sometimes cultivated for its fruits 
(FI. Assam, II, 181). 

P. prostrata I.abill., a scraggy shrub, 1.5 -1.8 m. 
higli, with tomento.se branches, elliptic or ovate- 
ohlong serrate leaves, pink flowers and ovoid fruits 
0.75 cm. long, is found in the inner valleys of western 
Himalayas like Chamha, Pangi and l^ihiil at altitudes 
of i,5()0;-3,o(x) m. 'rhe fruit which has a scanty juicy 
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pulp when ripe is said to be eaten, though not very 
palatable. 

P, rufa Hook. f. (Noani ¥^i:sG\L—Lckh paiytin) is 
a small tree, 4^ m. high, with smooth reddish papery 
hark and very sharply serrate leaves, pink flowers and 
black or red fleshy hitter fruits. It is found in the 
central and eastern temperate Himalayan regions of 
Nepal, Sikkim and Bhutan at altitudes of 1,700- 
3.600 m. "I'hc wood is said to he reddish, hard, close- 
grained and sweet scented. 

P. serotina Ehrhart, a native of North America, is 
the source of Wild (Cherry Bark said to be popularly 
employed to relieve cough in phthisis and bronchitis. 
Attempts to cultivate this plant in this country on 
an experimental basis have not met with success 
(Kapoor & Handa, Curr. Sc/., 1948, 17 , 54 ; Informa- 
tion from Dr. L. D. Kapoor, National Botanic 
Gardens, Lucknow). 

P. serrulata Lindl. (Japanese Flowering Cherry) 
includes a large number of forms with white, red or 
yellowish green flowers and some which arc double 
flowered. 11 ie tree is reported to he grown in Nilgiris 
and is said to come up better in Coonoor than at 
Ootacamund. They grow into stately trees and 
give good shade during summer (Bailey, 1947, III, 
1838 : Krishnamurthi, 223). 

P. tomenlosa Thunb. is a shrub or small tree with 
branches s[)reading wide, pubescent lonicntose when 
young, said to be found in North-West Himalayas in 
Kashmir and Ladakh at altitudes of i. 5(K) 1,800 m. 
It bears small light red sparsely hairy, globular fruits, 
about i.o cm. in diameter. The fruits are said to be 
eaten. The tree is hardy and it is possible to evolve 
improved fruit-bearing races (Bailey, 1947, III, 2835). 

P. undtdata Buch.-Ilam. ex D. Don (Garhwal — 
Arui, giulharu ; KiiAsr — Dicuff-tyrkhun), a medium- 
sized deciduous tree with rounded crown, white 
flowers and ovoid drupes, is found in the temperate 
Himalayan regions from Kumaun to Assam at 
altitudes of i,8(X)-3,6oo m. The leaves and fruits 
contain a hydrocyanic acid-yielding substance and 
are reported to be poisonous to cattle |Rao, BtdL hot, 
Surv, India, 1959. l(i), 107 ; Krishna & Badhwar, 
/. sci, industr. Res., 1949, 8(10), suppl., 169: Purohit, 
Indian Livc-Stk, 1963, 1(2), 28]. 

P. wallkhii Stciid. syn. P. acuminata Dietr. non 
Michx., a small tree or shrub c. 12 m. high, bearing 
white and fragrant flowers and purplish black fruits, 
occurs in central and eastern Himalayas from Nepal 
to Sikkim and in Mishmi and Khasi hills in Assam. 
The fruits are reported as edible. The wood is 


reddish brown, with pretty silver grain in radial 
section, takes a line polish and has been used for 
planking and boxes in Darjeeling district (Kalkman, 
Blumea, 1965-66, 13 , i ; FI. Assam, II, 182). 

P. zippeliana Mi(|. syn. P. mavrophylla Sieb. ct 
Zucc. non Poir. is a tree, c. 30 m. tall, with stem 
sometimes longitudinally fissured, oblong-ovatc leaves 
and cream coloured or white flowers in spicatc 
inflorescences, and dark violet fruits. It is found in 
Naga hills in Assam and is distributed in Burma, 
South China and Japan. The leaves arc reported to 
he of medicinal value (Chatterjee & Raizada, Indian 
For,, 1948, 74 , 385 ; Kalkman, loc. cit. : FI. Japan, 
442). 

PSAMMOGETON Edgew. (Umbelliferae) 

D.E.P., VI(i), 351 : FI. Br. Ind., II, 719 ; Hiroe, 37. 

A small genus of herbs distributed in West Asia. 
One species occurs in India. 

P. canescens Vatke syn. P. biternatum Edgew. 
(Punjab - Gargira) is a small, velvety or smooth, 
divaricately branched herb, 5-20 cm. high, with 
bipinnate to termite pinnate leaves, and white or 
purplish flo\vers found in the western Himalayas up 
to 900 m. and in Punjab. Rajasthan and Uttar 
Pradesh. 

The plant is eaten by sheep. It is used as a 
stomachic (Burkill, 191X;, 36; Kirt. & Basil, II, 1231). 

PSEUDANTHISTIRIA Hook. f. (Gramincac) 

FI. Br. Ind., VII. 219; Blatter & McCann, 120, 
PI. 76. 

A small genus of annual grasses found in the Indo- 
Malayan region. Four species are recorded in India. 

P. Iieteroclita (Roxb.) Hook. f. (Guj. Jliinkuphul 
f^has), is a slender, geniculate grass, about 30-60 cm. 
high, found commonly in pastures in West Bengal, 
Maharashtra and Madras. 

The grass grows gregariously on recently exposed 
soil and is used chiefly for thatching. The grass 
collected from pastures in over ripe stage gave on 
analysis the following values: crude protein, 3.1 ; ash, 
9.18 ; insol. ash, 6.25 ; calcium, 0.29 : and pho.sphoms, 
0.07%. The grass contains: carotene, 0.88-5.0 mg./ 
100 g. (fresh wt. basis) : cohalt, 0.8 : zinc, 13.57 • 
molylxlenum, 0.04 ; and iodine, 0.02 p.p.m. (dry wt. 
basis) (Bor, i96t), 203 : Shankar & Bharucha, Indian 
J, agric, Sci„ 1962, 32 , 9 ; Bharucha & Shankarnarayan, 
Sci, & Cult., 1957-58, 23 , 31 1 : Iyer & Satyanarayan, 
Curr. Sci., 1958, 27 , 69, 220 : Iyer, ibid., 1958, 27 , 
408). 
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PSEUDARTHRIA Wight & Arn. (Leguminosae ; 
Papilionaceae) 

A small genus of herbs or iindershrubs distributed 
in tropical Asia and Africa. One sjKcies is recorded 
in India. 

P. viscida Wight & Arn. 

FI. Br. Ind., II, 154 ; Pharmacognosy of Ayurvedic 
Drugs, Ser. I, No. 2, 1953. 92-95, Fig. 

Saiiaparui ; Guj. Cliapakno vclo ; Tel. - 
Muyyakuponna, nayaktiponna ; Tam. Nccrmalli ; 
Mal. — Muvila. 

A viscid, pubescent, semi-erect or more often dilluse- 
ly creeping, perennial undershrub, 60-120 cm. long, 
found in Orissa, throughout South India ascending up 
to an altitude of 9(x> m. in the hills, and in Gujarat. 
I^eavcs pinnately 3-foliolate: leatlets rhomhoid- 
ovate ; flowers purplish or pink, in clusters ; pods 
lincar-ohlong, with sticky hairs ; seeds brownish black. 

The roots of the plant possess an astringent taste 
and arc reported to be used as a substitute for the 
roots of Desmodiinn gmigcliciim {Shalaparni) in 
Kerala. They arc used in the form of decoction or 
powder for biliousness, rheumatism, excessive heat 
and fever, diarrhoea, asthma, heart diseases, worms 
and piles (Kama Rao, 1 14 ; Kirt. & Basil, I, 749). 

PSEUDECHINOLAENA Siapf {Gramincae) 

FI. Br. fnd., VII, 58 ; Bor, 1960, 352. 

A monotypic genus found throughout the tropics 
of the world. P. polystachya Stapf (syn. Panicum 
ttncimitum Raddi), a shade-loving grass, is found in 
the eastern Himalayas from Nepal to Sikkim at 
altitudes of 9(X) i, 8(K) m. and in Khasi and Naga hills 
and hills of western ghats from North Kanara south- 
wards at altitudes of 6cx)-t,8(X) m. It is a perennial 
gra.ss with culms about 6f) cm. long, half of it 
prostrate, the other half rising above ground, and 
with numerous short or long branches ; leaves lanceo- 
late and acuminate, with scattered stiff hairs above, 
finely pubescent beneath ; spikelets often une(|ually 
developed. 

It is a typical hill forest grass, often forming thick 
masses in secondary jungles. 'Fhe leafy parts, though 
little, arc readily eaten by animals (Blatter & McCann, 
131 ; Burkill, II, 1812). 

PSEUDERANTHEMUM Radik. {Aamtlwcnic) 

A large genus of shrubs and suhshrubs distributed 
throughout the tropics. Six species are found in India, 
of which one, P, bicolor, is an introduced plant. 


P. bicoior Radik, ex Lindau syn. P. pnUhclIum 
Merrill : Eranthemum bicoior Schnink 

Bailey, 1949,921. 

A small shrub, 60 90 cm. high, native of Polynesia, 
grown in gardens in India. Lt'aves elliptic-ovate to 
ohlong-lanceolate ; flowers while with lower lobes 
spotted purple, in clusters, on elongating axillary and 
terminal unhranched spikes ; fruit a hairy, stalked 
capsule, about 2 cm. long. 

Analysis of the plant (as a vegetable) gave the 
following values: moisture. 85.0; protein, 3.4; fat, 

O. 2 : total carbohydrates, 10. i : fibre, 1.7 ; ash, 1.3% : 
calcium. 275 ; phosphorus, 67 ; iron, 10.7 mg. ; vitamin 
A, 4,3^0 I.U. ; thiamine, 0.02; riboflavin, o.io; 
nicotinic acid, 1.4 ; and ascorbic acid, 51 mg./ too g. 
A decoction of roots, stems and leaves of the plant is 
used for aphthae, and as a cicatri/ani of wounds, 
ulcers, etc. {llandb, Itist. Nuir, Philipp., No. i, 1957, 
22 : Quisumbing, 891). 

P. rdccmositw Radik., a small undershruh, nativ'. 
of Moluccas, hearing pretty flowers, is said to he 
grown in gardens. The leaves of the plant contain 
3.5-4.0 per cent of protein (Firminger, 407 ; Terra, 
BidL R. trap, lust., Anist., No. 283, 1964, 97). 

PSEUDOSTACHYUM Munro {Crnminead) 

A monotypic genus of bamboos probably confined 
to Indo-Burmese region. 

P. polymorphum Munro 

D.E.P.. VI(i), 351 : FI. Br. Iiul., VII, 409. 

Assam -/?r//V//. bns/ih lolli, utd ; \aVA\'.\i.\—Parphok, 
purphiok, paphok ; Nepal- Pheliug. 

A shrubby, often suh-scandent bamboo found in 
Ferai and lower hills of the eastern Himalayas from 
Sikkim eastwards, ascending up to an altitude of 
(*. i,8<x) m. : it is also found in Manipur and A.ssam 
valley, being particularly common at the foot of the 
Naga hills. Culms up to 17 m. long, arising singly 
from a creeping rhizome, lower parts branchless, 
nodes only slightly swollen, internodes up to 30 cm. 
long and 5 cm. in diam. ; inflorescence a very large 
leafy panicle, composed of branches fascicled at the 
nodes. 

The culms are easy to split, flexible and durable. 
They are employed for tying rafters in the construc- 
tion of huts, and for making baskets and mats used 
in the tea plantations and in the betel leaf cultivation. 
The bamboo is also used for making umbrella handles 
and walking sticks ; the culms can lx* made into the 
desired ?hape by bending them over heated iron rods. 
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The shoots are attacked by tlie l)orer Cryptotrachclus 
dux Boheman lUphof, 29S : 'rrotter, 1940, 241; 
'rrotter, 1944, * Mathur & Baivvant Singh, Indian 

For, Bull., N.S., No. 171(7). 1959, 73|. 

Pseudostreblus — sev Streblus 

PSEUDOTSUGA Carr. (Pinaccar) 

A genus of evergreen trees clistrihiited in the 
Pacific North American region and in China and 
Japan. P. moizicsu, a well known structural timber 
tree of North America, has been introduced into 
India. 

P. menziesii Franco syn. P. taxijolia Britton : P. 
dou^lasii C"arr. Ckkkn I)or(;i.As Kiu, Okkoon Pine 

Dallimore A' Jackson, 386, 589-92, Fig. 106. 

A tall graceful tree, exceeding kx) m. in height and 
12 m. in girth in its natural habitat, hut on <111 
average the trees in the forest are much smaller. Bark 
smooth, on old trees thick and corky, up to 30 cm. 
thick : leaves pectinate, 2 3 cm. long, arranged in two 
lateral rows, odorous : male flowers in orange catkins, 
female cones, 7-10 cm. X3.5-5.0 cm., oval-ovate, 
pendulous ; seeds dark brown, shining, mottled 
beneath. 

In India, the Douglas h^ir has been introduced with 
some success at Manali and the neighbouring hills at 
altitudes of i,8oo-2.<xk) m. : it does not thrive at 
higher altitudes, as the young trees are prone to frost. 
Propagation may be done through sowing the seeds 
at site or by transplanting nursery-grown seedlings. 
In India, three-year old seedlings gave best results. 
The tree grows at a fast rate and, in its natural 
habitat, it yields a greater crop of lumber per hectare 
than any other species (8ahni, Indian For., 1965, 91 , 
56 : Information from the Divisional Forest Ofliccr, 
Punjab : Bailey, 1947, 111 , 2846). 

The wood is very variable in (piality, the colour of 
the heart wood varying from pinkish brown to 
brownish yellow and red. It is generally straight- 
grained, bard, strong, durable, and light to moderately 
heavy (sp. gr., 0.43-0.50 ; wt., 48i-56() kg./cu.m.). The 
sawn timber can be readily air-sea.soned without 
much deterioration : in kiln-seasoning also the limber 
does not show much degrade. The wood can be easily 
worked to a good finish, and it takes paint and polish 
well, but the grain is apt to rise. The data for the 
comparative suitability of timbers from coastal and 
mountain areas of U.S.A., respectively, expressed as 
percentages of the same properties of teak, are: wt., 
80, 70 : strength as a beam, 70, 60 : stillness as a beam, 



Dchrfi Duti. Photo : Ramesh Rao 
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95, 70 ; suitability as a post, 90, 70 ; retention of shajte, 
67, 75 : shear, 85, 80 ; and hardness, 55, 50 (Streets, 
645: Howard, 464: lIoniC’Grozvn Timbers: Douglas 
Fir, Forest Products Research Laboratory. Depart- 
ment of Scientific and Industrial Research, U.K., 1964, 
5 7 : Limaye, Indian For. Rec., N.S., Timh. Mcch., 
1954, 1 , 64, Sheet No. 23). 

The wood is used for purposes re(|uiring much 
siivnglh, such as house and bridge construction, 
masts and spars, telegraph and other poles, railway 
carriages, flooring, and cooperage, ami for sleepers 
after treatment. It is also used for furniture, joinery, 
veneers, boxes, and wood pulp. The wood Hour is 
sometimes used in the preparation of rotenonc- 
bearing insecticides for its synergistic action (Streets, 
645 ; Howard, 465 : Hill. 90 ; Chem. Ahstr.^ 1946, 40 , 
>63). 

The timber is importcfl into India (Table i) ; it is 
available in large sizes, viz. logs, scantlings and 
planks, free from sapwood and knots. 

It is stated that timbers from the species of Abies, 
Picea and Phius, and also from Artocarpus chaplasha, 
Calophyllum datum, and Cedrus dcodara may be 
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TABLE l-IMPORT OF DOUGLAS FIR TIMBER 
(Qty in tunius and Val. in Ks.) 


Year 

Country 

Qty 

Wil. 

1962-6.? 

U.S.A. 

42* 

44,161 

l96.?-/.4 

U.S.A. 

XU* 

291,904 

!%•« 6.S 

IJ.S.A. 

265* 

3.S7,285 

lyro 66 

V.S.A. 

2.^4 

166,340 


CMinnila 

162 

127,6.S7 

1966 67 

II.S.A. 


99,.407 

♦ WL 

laU'iilated 

at .^20 k);. 'cu.ni. 



used as siibslitutcs for ihe imported coastal type 
Douglas Fir (lamaye, loc. cit.). 

'rhe hark of the Douglas Fir is processed for use 
as a subsiitutc for cork in making plastics, adhesives, 
and explosives. It is also reported to possess insecticidal 
properties. The ground bark contains (oven-dry liasis): 
wax, 3.5-6.0 ; tannin, 8-18; phenolic compounds. 
12.5-17.0 ; and dihydro(|iiercetin, i 27 o. The hard non- 
tacky wax (m.p. 60 62°), extracted from the hark, 
finds application in polishes, lubricants, ointments, 
and soap manufacture. The tannin extract is utilized 
in leather making. The use of hark in the manu- 
facture of hardboard eliminates the need of adding 
chemicals as sizing agents. It is also suitable for use 
in conditioning oil-well drilling fluids |Hill, 90; 
Mirov, Chemnrg. Dig., 1950, 9(7), 7 ; Chem. Ahstr., 
1948, 42 , 7977; 1950, 44 , iio88,' 1954, 48 , 1659; 
Anderson, Kcon. Hot., 1955, 9 , 120]. 

The tree yields an oleoresin, known as Orecon 
Bai.sam, which has properties and uses more or less 
similar to those of Canada Balsam, and is used as a 
cement for lenses. It is, however, not recommended 
for microscopic rechnif|ue, since it gradually becomes 
granular and opatjtie. Kssential oils occur in the 
leaves and twigs (0.8%), hark from young trees (1%). 
and wood (3.3%)* Terpenes arc rhe chief con.stituents 
of these oils aild of the balsam (Claus, 1961, 274: 
Chem. Ahstr., 1937, 31 , 5106, 5946, 6818 ; Zavarin & 
Snajberk, Phytochemistry y 1965, 4 , 14 1). 

Young twigs and leaves are used for making a kind 
of tea, or arc dried and ground as a coffee substitute. 
The tree is reported to yickl a manna. The inner hark 
is said to be eaten (Morton, Kcon. Bot., 1963, 17 , 326 ; 
Harrison, Kew Bull., 1950-51, 41 1). 

The presence of antibacterial substances, inhibiting 
the growth of Gram-positive micro-organisms, has 
been noted in the seeds and fruits (For. Ahstr., 1997, 
18 , 18). 


PSIDIUM Linn. (Myrtaceac) 

A large genus of tropical and sul^tropical trees and 
shrubs, native of tropical America. Three species arc 
recorded as cultivated in India, the most important of 
which is P. guajava (Common Guava). 

P. cattlcyanum Sabine syn. P. lltlorale Raddi ; 
P. chinense Hort. Strawberry (Juava, C]atti.ev 

Gvava 

Bailey, 1947, III, 2848 ; FI. Delhi, 160; Chittenden, 
III, 1705. Fig. 

Benu. Pahart payarn ; Tei.. — Kouda jamipandu ; 
Tam . — Seemai koyya ; K\s.- Bella scebai ; Maf.. — 
Malam perakka ; ()riya -Pahadi pijuli. 

A bushy plant, 3.0 3.5 m. high, native of Brazil, 
and cultivated in gardens in India for its fruits. 
IxMvcs smooth, glossy green, ohovate, 3.75-8.75 cm. 
long; fruit deep claret, round or ohovate, rarely 
exceeding 3.75 cm. in diameter, with soft flesh, 
purplish red next to the skin, white in the middle. 
Two forms of this species are well known, one hearing 
coppery red fruits and the other hearing .slightly 
larger, yellow fruits. I'lie latter is commonly known 
as P. cattleyanum forma lucidum Degencr (Yellow 
Strawberry Guava) (Chandler, 295 ; Neal, 556). 

P. cattlcyanum is perhaps the hardiest species, as 
mature plants can withstand temperatures down to 
-5°. It is suited to localities too cold for P. guajava. 
In India, it is said to be suitable for elevations up to 



fig..io3-p$idium cattleyanum-fruiting branch 
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1,350 m. It is propagated from seeds or by layering 
or grafiing. However, it is not easy to propagate 
vegeratively ; it comes up true to seed (Ochsc et al., 
I. 689 : Macmillan, 275 ; Copalaswamiengar, 607 ; 
Kirminger, 203 ; Chandler, 295). 

'File fruits have a sweet, acid flavour resembling 
lliat of strawberries. They are eaten fresh or macle 
into excellent tart, jam and jelly. They arc also 
served as a dessert with sugar and cream (Biirkill, II, 
1815: Macmillan, 275; Ledin, lu'oit. Roi., 1957, 11, 

349 )- 

'Fhc fruits are a good source of ascorbic acid. They 
contain: moisture, 85.3 : protein. 0.1 ; fat, 0.2 ; libre, 
4.8: other carholiyd rates, 9.0: and mineral matter, 
0.6'*,,: calcium. i;n: phosphorus, 20; iron, 1.2: 
vitamin A, nil : thiamine, 0.02 ; riboflavin, 0.02 ; 
nicotinic acid, 0.3 ; and ascorbic acid, 15 mg./icx> g. 
Tlie vitamin values of another sample were as follows: 
vitamin A. 147 J.U. : thiamine, 0.01 mg. : riboflavin, 

O. 26 mg. : nicotinic acid, nil : and ascorbic acid, 44 
mg./ 100 g. (Nutritive Value of Indian Foods, 68, 103, 

• 33 )- 

P. guajava Linn. Commo.n (ir.WA 

n.RP., VI(i), 351 : C.P., 907 : FI. Br. Ind.. II, 468. 

I fiMM -AfurttiL sftfed safari : Bknc. — Goaaclihi, 
peyara, piyara : Mak. Jamba, tupkel ; Ci-j. — Jam- 
rml, jamrukh, peru ; Tki.. — Etiajama, goyya, iella- 
jama ; Tam. — Koyya ; Kan. -Sebe haiinti, jama 
phala ; Mal. Prra, koyya. 

An arborescent shrub or small tree, up to 8.0 m. 
high : leaves light green, linely pid)escent and ebarr- 
aceous : flowers white and fragrant : fruits green to 
light yellow, but in some varieties, red, varying in 
sha|)e and si/e to a great extent : flesh creamish w^hite 
to yellow and in .some red. 

Guava is often referred to as the apple of the 
tropics : it is a native of tropical America, probably 
from Mexico to Peru, and has long been naturali/ed 
in India. Many varieties are known in cultivation, 
but a detailed horticultural and systematic study of 
the species and its varieties is still lacking. Sometimes 
tw’o varieties are broadly distingui.shed, var. pyriferum 
and var. pomiferum based on the shaj)c of the fruits, 
whether pear-shaped or glob(»se and ovoid, Ilow’evcr, 
they are no longer accorded botanical standing. 
P. guajava is closely similar to P. giiiuernsc and 
po.ssibility of hybridization between them .seems 
likely, as they are highly variable with respect to fruit 
characters, and are al.so cultivated throughout the 
tropics (Wilson, /. Arnold Arbor., i960, 41, 270; 


Bailey, 1947, III, 2848 ; MeVaugh, Puhl. Field Mus. 
nat. Hist., Rot. Scr„ 1958, 13^ pt 4, No. 2, 795). 

ClJI/llVATION 

Guava growls nearly Throughout the country up to 
1,500 111. and is cultivated commercially in almo.st all 
States, the total estimated area being about 50,000 
hectares. The important guava growing States are: 
Uttar Pradesh, Bihar, Maharashtra, Assam, West 
Bengal, Andhra Pradesh and Madras ; about half of 
the total area is reported in Uttar Pradesh (Sham 
Singh et al., 155 : Cheema et al., 245 ; Hayes, 287). 

(biava tyjies are generally named accortling to the 
fruit shape, colour of the .skin or pulp, or the name of 
the place where .selected. As guava is propagated 
by seeds, there exists great variation in the same 
variety. Numerous attempts have been made to 
classify the various types cultivated in different States, 
particularly in Maharashtra, Uttar Pradesh, Bihar 
and A.s.sam. Table i gives some of the types grow'n 
in the different States. Table 2 gives the salient 
characters of .some popular types. Seedless types are 
rejiorted from various States : they are shy bearers 
and their fruits are rejiorted to be inferior in quality 
[Cheema et ah, 345 ; Dutta, Indian /. Hort., 1953, 10, 
137 : Hayes, 287 : Naithani & Chandra, Sci. Cult., 
195.^ -55, 20, 133 : Naithani & Srivastava, Allahabad 
Fmr, 1965. 39(2), 65 ; Ramasomayajiilu, Indian J. 
Hort., 1953, 10, 154: Roy et ah, ibid., 1951, 8, 23; 

TABLK 1— TYPES 01- GUAVA GKOWN IN DIFFERENT STATES 
IN 1ND1A+ 

SiilVd.'i, Aiiakapalli, Uana 
nisi, ('.liittiflar, Ilafsi (Hed-fieshedk 
l.ii«kiio\v-46, I.iirkiid\v-49, Naj^piir 
Sc'fdicss. Saliaranpiir Seal less, 
Sinooili Grivn, Siniuith Wliilr 
Am .sophri, Madluiri-ain, Sat'ri 
(Payera), Soh-jiryiam 
Allahaliad Safeda, C'.hittidar, Hafsi 
(Kcd'fU\sh(‘d), Hari Jha, Si*(rdlc.s.s 
Anakapalli. Banarasi, Bani;a1orc, 
Chiiiidar, Ifafsi. (Rcd-fles!u*d), Nag- 
pur Sc'rdlc'ss, Siiiootli Crccii 
Dharwar, Ohdlka, Kotlirud, laickiidw- 
24, Liieki)o\v-26. Na.sik Seedless, 
.Sindli 

/Mlahahad Safeda, Apple-colour, 
Chillidar, Ilafsi (Ked-ficshed), 
Karela, I.iu-kno\v-49, Mir/apuri, 
Pear-shaped, Seedless 
Bariiipore and oilier Uuar IV.idcsh 
types 

* Te.'iotia, .S’/wv. Hull., Drp. /l.tfr/c., I'ttar Pradesh, 1959 ; f^aiidhi, 
Fttrm Halt., No. 26, 1957, 4 ; Dutta, Indian J. Hort., 195,^, 10(4), 
I ; Roy & Ahmed, ibid., 1951, g(.?), 22; Naith.'ini & Srivastav.'i, 
Allahahad Fmr, 1965, 39(2), 65 ; Mathew & Shankcr, ibid., 196.4, 
37(6), 127; Rangacharhi, Andhra ofTric. /., 19.54, 1 , 10.5. 


Slate 

Andhra Pradesh 

As.sam 

Bihar 

M.'idras 

M.*iharashrra ik Gujarat 
Uttar Pradesli 

West Bengal 
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TABLE 2-CHARACTEHISTICS OF SOME TYPES OF GUAVA GROWN IN INDIA' 

Type Where grown Plain characters Remarks 

Allahabad Safeda Allahabad district in Tree 4.5 6.t) m. in height, giowth upright Rest type grown for its fruit 

Uttar Pradesh, Bihar. spreading with iiKKlcrai el y -dense foliage ; (|uality A' fruiting : a heavy 

Andhra IVadesh fruit medium, roundish, surface sinooth. hearer with medium keeping 

glossy, skin colour yellow*, dots small & ipialily 
distinct ; apex flat, niiincl ; taste sweet ; 
weight c. I6H g. 

Apple-colour Indigenous to Alkdiabad 'I'ree 5.tl 4.5 m. in height, spreading with 

district in Uttar Pradesh iiio((erateiy-den.se foliage: fruit medium. 

round to spherical ; surface slightly rough, 
skin colour light red fir pinkish (apple like 
colour), thin, dots scattered ; base slightly 
Mat: apex round; Mesh creamy white, sfift- 
melting: ilaxour pleasant; taste sweet: 
weight c. 152 g. 

Tree 5.M 4.5 in. tall, upright with deii.se Mediiini fpiality fruit with good 
growth : fruit meiliiim, roundish ovate. keeping ipiality: it is a medium 
apex round Mat : bast* obtuse A' slightly hearer A’ is not much ditlereni 
tapering; Mesh yellowi.sh white, soft melt- from the Allahabafl S;ifefla 

ing ; flavour mild ; taste acidic, sweet except for the red spots on the 

fruit skin 

Tree 4.5 7.5 in. in height, growth upright, Ileaw hearer; a commercial 

iiKMlerately flense foliage; fruit medium. type wel known for its red 
fivate rfuiiidish, surface siiukuIi, glossy, skin Mesh 
colfuir greenish, yellow or {linkish yelUiw, 
dots small A' close ; apex fibtuse ; base M;it ; 

Mesh reddish in cfdoiir, soft melting ; 
flavour pleasant like apricot : taste jicidic, 
sweet ; weight c. 168 g. 

Ilari Ilia Bihar Short tree c. 2 m. tall, spreading branches: Good \ieliler 

fruit greenish yellow, round, oblate, medium 
to large: pulp soft white, sweet A aromatic 

Karela Uttar Pradesh Fruit large-terminafe tfi pyriffirm, surface 

rfiiigh, warty, .somewhat longilurlinally 
furrfmed, greenish yellow in toloiir, skin 
thick, flfiis small : base slightly ta|H'riiig ; 
apex obtuse ; Mesh white A granular, soft 
melting: Maxfuir pleasant A \ery rich; 
lasle sweet 

I'll 6.tl 7.5 in. tall, upright to spreading with Selection from Allahabafl Safeila 
dense foliage; fruit mediimi to large. o\ate. marie at Poona; hea\y Ix'arer 

rfumd. surface slightly rfuigh, skin yellfiwish with \erv goful keeping 

white, thick, tUits ineilium A flistinct ; apex fpialitv ; a commercial type in 

A base roundish ; Mesh creamy white, soft Maharashtra A Sfiuih Intlia 

melting; flavour slightly acidic; taste 
acidic, sweet : weight c. 168 g. 

I'ree .1.0 4.5 m. tall with spre.’iding growth ; Seedling of Allahabad Safeda ; 
fruit medium, roundish, surface smooth ; medium bearer with medium 

dots scattered ; a|x*x rouiul ; base cfinical ; ipiality fruit having goofl 

pulp soft when fully ripe, white ; flavour keeping ipiality 

mild : taste medium acidic, sweet 

Tree 6.0 7.5 m. in height, growth upright, A jioor yielder hut is well known 

foliage flen.se ; fruit niediiim, pyriform, hir its excelli'iil quality A 

occasifinally ovoid, surface .'ilrnost smooth seefllcssness 

or minutely warty, skin colfuir fliill vellfiw ; 
apex obtuse ; base slightly depressed ; pulp 
white, semi-hard, soft when fully ripe ; 
taste sweet 

• Teaotia, Spec. Bull., Dvp. /Ign'c., I'ttar Pradesh, I‘AS9 ; \aithani A Sri\asta\a, Allahuhad Fair, l%5. 39(2). 65; Kfiy A Ahmed, 
Indian J. Hurt., 1951, 8(3), 22 ; (sandhi. Farm Hull., No. 26, 1957, 4. 


SiTflless Allahabad district in 

Uttar Prade.sh, Bihar, 
Andhra Pradesh, Maha- 
rashtra 


.Mirzapuri liuligeiious tfi .Mir/apur 

district in Uttar Pradesh 


Lucknow 49 Grfiwn in Mahara.shlra. 

Anfihr,‘i Pratlesh A 
Uttar Pratlesh 


Origin of this type is not known ; 
has mcflium-qiiality fruit with 
meflium to gfNul keeping 
quality ; pfior bearer 


llafsi (Ked-Me.shed^ Allahabad district in 
Ihtar Priiflesh. Bihar, 
Antihra Pradesh, Madras 


Chittidar Allahabad district in 

Uttar Pniflesh, Bihar, 
Antihra Pratlesh, Madras 


(>ood type but not grown eom- 
mircially thie to its shy-bear 
ing habit : s|H‘cial feature is 
the apple-like ctilfiur which is 
very attractive ; has goful 
keeping ipiality 
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Sharma, Indian Ilort., 1959-60, 4(4), 6 ; Teauria, Spec, 
Bull., Dep. Agric., lUlar Pradesh, 1959, 11 ; Schgal 
& Singh, Indian J. Hort., 1965, 22, 25]. 

(jiiava succeeds under a wide variety of climatic 
conditions. Though highly susceptible to frost, it 
produces ahundani crop of hotter (piality fruits in 
areas having a distinct winter than in more tropical 
areas. It is highly resistant to drought in comparison 
with other fruit plants. Guava can he grown on a 
variety of soils, from heavy clay to very light soils. 
It thrives host on sandy loam (Ruchle, Econ. Bot,, 
194S, 2, 306 : Bailey, 1947, III, 2847 ; Hayes, 287 ; 
Popenoe, 273). 

Propagation — Guava is pro])agated both by seeds 
and by cuttings. The fruits from seedlings are apt 
to vary in shape, size, and quality, hut still the major 
plantings of guava are of seedling origin. Guava seeds 
retain their viability for several months, but it is 
desirable to sow them within the same year. Seeds 
germinate in 3- 4 weeks in warm days. They are sown 
either in pots or in lines, and seedlings transplanted 
when about 5.0 7.5 cm. in height. Under favourable 
conditions the seedlings are ready for transplanting 
in the field or for grafting within a year. 

In North India, inarching or grafting by approach 
is the commercial method adopted for improvement 
of guava. The liest time for this operation is the 
rainy season. Union is complete within a month of 
the operation. After severing the graft from the 


mother plant, the plant is kept for about 4-5 months 
in the nursery before it is permanently planted in the 
field. Air layering has been found successful and has 
been adopted on a commercial scale in South India. 
Application of a small amount of Serdix powder on 
the upper portion of the ring is helpful in inducing 
vigorous rooting. Budding has not proved successful 
in guava in this country. Shield budding is successful 
if buds 2.5-3.75 cm. long are inserted in the winter 
or early spring into young rootstocks, with hark just 
thick enough to receive them. Propagation by soft 
wood culling has also proved successful in .some of 
the cf)mmercial types (Gheema el aL, 245 ; Hayes, 
289; Nelson, Ilorl. Advance, 1958, 2, 61 ; Teaotia, 
loc. cit.). 

The rainy season is best suited for planting, though 
guava can he planted at any time of the year if irriga- 
tion facilities are available. Seedlings arc generally 
planted 4.8-5.4 ni. apart, grafted trees re(|uiring a 
distance of 6.0-7.5 m. (Gandhi, Farm Ball., No. 26, 
•957. 'o). 

Ordinarily, guava is given very little care and it 
does remarkably well in spite of ibis neglect. In order 
to get satisfactory crops, some amount of cultivation, 
irrigation and manuring is desirable, at least in the 
early stages. In western India, besides the average 
rainfall of 40 cm., 7-10 irrigations per year are 
found useful. One or two irrigations given after the 
fruit-.set increase the size of the fruit and check the 
fruit-drop (Cheema el al„ 252). 

Manurinff — Proper manuring improves the size 
and quality of the fruit, as also the hearing life of the 
trees. Ba.sed on the experience of horticulturists and 
fruit growers, the following practices are advocated: 
(/) application of sufficient (|iianiity of wood ash to 
seed beds, for raising seedlings ; (ii) a liberal applica- 
tion of farmyard manure, al)out 12.5 kg. per pit at 
the time of planting : and (Hi) application of a conti- 
nuing do.sage of farmyard manure from 12.5 kg. to 
an year-old tree, increased to an annual maintenance 
dose of 50 kg. from the 4th year. In addition, 
about 1.5 kg. of nitrogen, in the form of ammonium 
sulphate, may be given per tree per year. Trees grow- 
ing in soils deficient in zinc and copper may be given 
nutritional .sprays containing the.se elements, to ward 
off deficiency di.seases. Though farmyard manure is 
most commonly used, in certain places, green manure, 
leaf moulil. sheep manure and groundnut cake arc 
also applied [Katyal & Chadha, Fertii News, 1961, 
6(2), 10 ; Shanker, ibid., 1966, 11(5), ^7 * Gandhi, lot. 
cit.]. 
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Pruning (^iiava grows into a small tree if left iin- 
priined. To avoid this, a judicious pruning is neces- 
sary. By the second year the tree should he pruned for 
shaping its main framework. Some of the lower 
branches may he removed to give the tree a clear 
height of stem, about 2-3 m. from the ground. Three 
or four good, strong, well grown branches should be 
selected for the permanent framework and all the 
other branches arising from the trunk shcuild be 
pruned away. After the framework has been estal)- 
lished, dead, diseased and broken branches and 
suckers arising from the rootstock should he removed 
every year. I^ong rambling branches should be 
headed back. Generally pruning in fruiting trees is 
done after harvesting the crop. 

Guava trees propagated hy grafting or layering 
have low, hori/ontally drooping branches, and often 
produce an enormous numher of fruits all along their 
length. Taking advantage of this, in Maharashtra and 
Deccan, some .sort of forcing of dormant huds in the 
upright branches of seedling trees is brought about 
hy bending the branches of adjacent trees and tying 
them up into arches. This method has been found to 
increase fruit production to a great extetit (Shanker, 
loc. cit. ; Gandhi, loc. cit.). 

In tropical regions if irrigation is given, the guava 
may bear fruits more or less throughout the year ; 
hut in India there are generally two or three well 
defined periods. In North India, the main crop conies 
from the flowers of the rainy season and ripens in 
winter. Flowers appearing in ilie early spring give 
rise to a second crop, ripening in the rainy season, 
'riu* fruits <jf rainy season crop, however, are poor in 
(piality, insipid and watery: the yield is also very 
poor. To avoid this crop, the irrigation is withheld at 
the time of bloom, vi/. April to May. In Maharashtra. 
Madras and Andhra, there is soineliines a third crop 
with flowers appearitig in October. 'Phis is purely a 
cliance crop depending on the mon.soon (Balasubrah- 
manyam, Indian /. Uort,, 1959, 16 , 69 : Gheenia el 
al.y 254 ; Hayes, 287 : Dasarathy, Madras agric. /., 
1951, 38 , 531). 

Diseases and Pests — Wilt is the most serious tiiseasc 
of guava. It is caused hy Fusarium nxysfyorutn f. 
[)sidii Prasad and is reported to occur in soils with 
pH above 7.5, being more severe on more alkaline 
soils. In the eastern parts of Uttar Pradesh and in 
Bihar, wilt has taken a serious form. Symptoms 
appear during the rainy season after the fungus has 
been present in the trees for several months. The 
leaves turn yellow, curl, dry and then are shed from 


the top. 'I’he affected branches dry successively and 
ultimately the whole tree dries up. The infection is 
spread through the contact of the diseased roots with 
tliosc of healthy plants. No definite control measure 
is reported. Evolving of wilt-resistant stocks may 
prove effective against the disease. Injection of 
S-c|uinolinone sulphate is reported to delay the 
development of symptoms in diseased plants. Wilt 
(seedling blight) is also reported to he caused hy 
Rhizoctonia hataticola 'J auh. and can be easily con- 
trolled by sprays of 0.2 per cent VWt 406 [Prasad el al . 
Nature, Lond., 1952, 169 , 753 ; Shanker, loc. cit. ; 
Edwards, Allahabad Fnir, i960, 34(5), 289 ; Tandon, 
//or/. Advance, 1962, 6, 89 ; Naithani & Srivastava. 
Allahabad Fmr, 1965, 39(2), 65; Chattopadhyay & 
Sen Gupta, Indian /. Hart., *95^1 12 » 7^j* 

Another disease to which guava succumbs is the 
canker which is rejMirted to be caused by the fungi, 
Glomerella psidii (IXd.) Sheld., ('oUetotrichum psidii 
Curzi and Pestalotiopsis psidii (Pal.) Venkata- 
krishniah. The characteristic symptom of this disease 
is the development of .spots and malformations on 
the young, green and mature fruits. Small, circular 
.spots appear on buds, calyx and leaves. The spots 
enlarge, turn black or brown and coale.sce. In severe 
cases raised cankerous spots develop in great 
numbers and the fruit breaks ojicn to expose the 
.seeds. The infected fruits remain undeveloped, be- 
come hard and mummified. Three or four sprayings 
with one per cent Bordeaux mixture or with lime 
sulphur solution (1:25) done at 15 days’ interval in 
the early stages of infection controls the spread of 
the disease (Venkatakrishniah, Pror. Indian Acad, 
Sci., 1952, 36 B, 129; Curr. Sci., 1954, 23 , 164; Patel 
el aL, Indian Phytopath., 1950, 3 , 165 : Maihur, 
Indian J. Hort., 1956, 13 , 26). 

Guava is also attacked hy Physaiospora psidii 
Stevens & Pierce, causing hark canker. I he hark dries 
up, cracks and ultimately .sheds resulting in the 
death of affected branches (Patel rt al., loc. i it. ; 
Mathur, loc. cit.). 

'rite bark-eating caterpillar Indarbela (juadrinotata 
Wlk., which is al.so common on mango and citrus, 
causes .severe damage to old and neglected guava 
orchard.s. It eats away the bark of the tree hy making 
holes in the branches and shoots. Hand-picking of 
eggs and caterpillars is recommended as control 
measure. Fumigating the galleries with petrol or 
carlKin disulphide controls the pe.st. Forinaliu (4 ’..) or 
paradichlorobenzene can also he u.sed to kill the 
caterpillar \Planl Prot. Bull., New Delhi, 1959, 
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11 ( 1 - 4 ), 21; Wllli India — Raw Materials, V, 199; 
I^avicl & D'dvii],’ Allahabad Fmr, 196^^, 37 ( 6 ), 33I. 

'Fhe most serious pest of guava is the mealy stale 
Pulvhiaria, psiclii Mask. Hie affeetccl plants are 
covered with a sooty mould or greyish meal. It can 
he controlled hy two sprays of fish-oil rosin soap at 
the rate of 0.5 kg. to 36.0 litres (H gallons) of water 
or witli crude oil emulsion at the rate of 6.75 kg. to 
450 litres (100 gallons) of water. Sprayitig with 0.03 
per cent Dia/inon at 4.5-9.0 litres (12 gallons) per 
tree is also recommended. Mealy hug is also cpiile a 
prominent pest in some parts of India. Maggots of 
the fruit fly Dacus ferruginvus Fahr. and D, zonalus 
Saund. cause severe damage to guava crop in rainy 
season. Removal of alTecred fruits, and spraying 
the trees with BHC or l)ia/.inon are the control 
methods suggested. Birds atid hats al.so cause 
serious damage to the fruits |Wlth India Raw 
Materials, V, 200 ; Ansari, Punjab Fr. J,, 1947, II, 
175: Plant Prot. Hull., New Delhi, 1959, 11 ( 1 - 4 ), 
21 : Hayes, 295 : Ihrahim, Madras agric. /., 1943, 31 , 
279: Rahman et al., hidian j. agrie. Sci., 1941, 11 , 

8i6|. 

Some of the partial angiospermous parasites, viz. 
Dendrophtlute faleala (Linn, f.) Kttings, cause severe 
damage to guava plants, especially in old and 
neglected orchards. Hiese can he easily killed hy a 
.single spray of diesel oil emiilsioti prepared in soap 
water. In the plains of Uttar Pradesh 30-35 per cent 
die.sel oil emulsion has heen found ellective in 
summer (April to June) and 50 55 per cent in winter 
(November to January) (Baliadur Singh, IforL Ad- 
vance, 1958, 2 , 68). 

A deficiency disease reported in guava is charac- 
terized hy small leaves, interveinal leaf chlorosis, 
supjjression of growth and diehack of growing 
branches accompanied hy cracking of fruits. One or 
two foliage sprayings with a solution of zinc sulphate, 
hydrated lime and waiter is beneficial against the 
disease (Ray Clhaudhuri et al., Indian Phytopath., 
1961, 14 , 134: Maihur, Uh*. cit.). 

Harvesting and Yield — ^"Fhe guava tree begins to 
hear small crops from its fourth year. It reaches full 
maturity and starts hearing large crops in its eighth 
year and may continue to hear heavily for 30 years 
or more. It is a very hardy tree, and given good care 
may flourish for over 50 years. 

The guava tree takes nearly 5 months from flower- 
ing time to maturation of fruit. Fruits attaining 
maturity show signs of changing their colour from 
dark green to yellowish green. This is the right stage 


for harvesting them for the market. Though the 
guava acquires the finest eating (juality when allowed 
to turn perfectly yellow' and to ripen fully on the 
tree, it is not advisable to keep it so long on the 
tree, since it either drops or is eaten away by birds 
and s(|uirrels. Also, such ripe fruits become soft and 
over-ripe and unfit for consumption by the time they 
reach the consumer. The guava fruit does not keep 
in whole.some condition for more than a couple of 
days after it is fully ripe (Gandhi, lot*, cit.). 

Individual fruits, as and when they show a slight 
change in colour, arc plucked while they arc still 
hard and firm. Immediately after plucking, the fruits 
are graded for different sizes, and the different grades 
packed separately. Fruits are usually packed in cylin- 
drical bamboo baskets, padded with rice straw or 
any other soft dry grass. The fruits are lightly 
arranged in circular rows and alternated with thin 
layers of straw. 

During transit, the fruits turn partially yellow and 
emit a sweet fragrance. On reaching the destination, 
they are taken out of the package and stored loose 
and ke])t expo.sed to the air. till they are sold out 
(Gandhi, loc. cit.). 

A seedling tree of 8~io years and above may hear 
400-5CX) fruits, weighing about 60-80 kg. and a 
grafted or layered tree i)f the same age may hear as 
many as i, 000-2, oex) fruits weighing about 180- 
310 kg. In Allahabad, a yield up to 35 tonnes per 
hectare has heen reported (Naik, 1958, 45 : Gamlhi, 
loc. cit.). 

,S/orr/gc— Guava is a highly |)erishahle fruit and 
must he .sold out soon after its arrival in the market. 
It is possible to keep ripe hut linn guavas in good 
condition for about a week in cold storage at ii*^. hut 
they tend to lo.se their lustre and to deteriorate once 
they are removed from the storage. Hence, cold 
storage of guavas is not recommended. Allahabad 
Safeda type of guavas can he stored for 4 w'eeks at 
a temperature of 9-10"* and R.H. of 85-90 per cent. 
Bigger fruits should he chosen for cold storage in 
|)reference to smaller ones. The approximate post- 
storage life at 25-30'^ is three days. Storage life of 
the fruits coated with 3 per cent wax emulsion 
(carnauha-parallin or carnauha resin emulsion), can 
he extended by 80 per cent at room temperature 
(22-28^^) and hy 50 per cent at low temperature 
(8-10°) (Mathur, Bull. cent. Fd technol. Res. Inst., 
Mysore, 1954-55, 4 , 215 : Singh (h Mathur, Indian J. 
Hurl., 1954, 11 , I ; Srivastava et al., Food Sci., 1962, 
n, 244). 
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Utiuzatton and Chf.mic:al Composi riox 
The guava is a sweet, juicy and highly flavoured 
fruit, eaten mostly as fresh fruit. It may also he 
canned, preserved, spiced or made into jam, hutter, 
marmalades, pies, ketchups and chutney s. In Hawaii, 
guava juice is said to make an excellent suhstitute 
for orange or tomato juice in child feeding (Ruehle, 
Fscon. Rot., 1948, 2 , 306 : Siddi(|ui & Farooqui. 
Pakist. J, sci. Rrs., 1959, II, 29). 

(riiava is one of the richest natural sources of 
vitamin C and contains 4 to 10 times more of this 
vitamin than the citrus fruits. It also contains consi- 
derable amount of pectin. As compared to mango 
and apricot, guava is deficient in vitamin A hut 
superior in most of the other major nutrients. A 
typical analysis of Indian guava is as follows: 
moisture, 81.7 ; protein, 0.9 : fat, 0.3 ; fibre, 5.2 ; other 
carbohydrates, 11.2; and mineral matter, 0.7%; 
calcium, 10 ; magnesium, 8 ; oxalic acid, 14 ; phos- 
phorus, 28: iron, 1.4: sodium, 5.5: ])otassium, 91 : 
copper, 0.3: sulphur, 14: chlorine, 4; thiamine, 
0.03: riboflavin, 0.03: nicotinic acid, 0.4: and 
vitamin C, 212 nig./nx) g. ; vitamin A, nil. Phytin 
phosphorus constitutes 54 per cent of the total phos- 
phorus. Iron is present entirely iti iotiisahle form 
(Siddk|ui & raroo(|ui, loc. cir. : Ntitritive Value of 
Inrlian Foods, 68, 103, 133). 

Vitatnin C content of guava shows wide variations, 
and ranges from too to as high as 1,000 mg./ too g. 
It is highest in the skin and in the flesh next to it 
anti decreases in the inner portions of the fruit. Also 
maximum ascorbic acid oxidase activity is localized in 
the core of the fruit. The vitamin C value increases 
with maturity and reaches its maximum when the 
fruit is fully mature, hut declines when the fruit 
becomes over-ripe and soft. Some observers have 
found the pink-fleshed types to be richer in vitamin C 
than the white-fleshed ones, hut others have recorded 
higher values in the white-fle.shed types. The vitamin 
C potency is probably a type characteristic not 
associated with colour. Among the important types 
grown in Uttar Pradesh, Cliittidar has been found 
to be the richest in vitamin C ; its vitamin C value 
at dilTerent stages of growth was as follows : immature, 
24.^ .5 : ripe, 304.5: and over-ripe, 222.5 R* 

Guava is reported to contain a bountl form of the 
vitamin, ascorbigen, amounting to about 15 per cent 
of the total vitamin C content \Food Sci., 1962, 11 , 
381 : Siddi(|ui & Faroo(|ui, loc. cit. ; Jain ct al., Chem. 
Age, India, 1954, Ser. 9, 88 : Srivastava & Srivastava, 
Punjab horl. /., 1965, 5 (i), 12 ; C.hcm. Ahslr., 1949, 


43 , 4729; Akmal vt al., Allahabad Ftnr, 1957, 3l(i). 
23 ; ^'eaotia el al., Indian Agriculturist, 1962, 6, 47 ; 
Bose & Cuba, /I/2//. Riocheni., 1963, 23 , 149]. 

Citric is the major acitl in guava, tartaric anil 
/-malic acids being present in smaller amounts. Carbo- 
hydrates occur chiefly in the form of sugars of which 
reducing sugars form the major part. Analysis of 8 
types of guava from Uttar Pradesh gave the 
following values: acidity (as citric), 0.2-0.5 ; reducing 
sugars. 2.4-6. 1 : non-reducing sugars, 0.5-5.3 : tannin, 
o. 1-0.4 • starch, 0.6-0.8 : and pectin, 0.3-1. 6%. Tannin 
content is high at the early stages of growth, and 
gradually decreases to a low value at the fully 
mature stage, 'riiere is also a dro|) in acidity and 
acid-soluble pectin as the frtiit reaches maturity. 
Guava pectin consists of t/-galacturonic acid (72%), 
rZ-galactose (12%). and /-arabino.se (4.4%). In one 
sample of fully developed yellow fruits, the total 
pectin (met boxy 1 content. 10.4“.,) was made up of : 
water-soluble pectin, 0.2 : oxalate-soluble pectin, o.i : 
and acid-soluble pectin, 0.9%. 'riiough guava pectin 
is of good jelly grade, it is not found to be economical 
to produce pectin from the fruit on a large scale 
\lndian liort. Abstr., 1954, 4(4). 6; Teaotia el al., 
loc. cit. : Anna. Rel). cent. Fd technol. Res. Inst., 
Mvsnre, 1961-62, 12 : Pruthi et al., Def. Sci. J., i960, 
10 , 45 : Sci. & Cull., i960, 26 , 34 ; Food Sci., 1962, 11 , 
3441 - 

Guava is poor in carotenoid pigments. The pulp of 
Allahabad Sajeda type (white-fleshed) contained 
jS-iarotene and xantho|)hyll in e(|ual proportions 
(total carotenoids, 0.2 /ig./g-)- Fhe pink-fleshed 

types are generally considered to be a better source 
of /^-carotene. However, a pink-fleshed type from 
Mysore contained mostly lycopene and very little 
^-carotene. 1 .eucocyanidin and ellagic acid are the 
polyphenolic compounds identified in the ripe fruit ; 
the former is obtained in highest yields from unripe 
fruits, while in the ripe ones it is more concentrated 
in the skin and seeds. The red skin of apple guava 
type is found to contain a cyaniditi diglucoside, 
probably mecocyanin. Qtiercetin, its 3-aral)opyrano- 
side guaijaverin, gallic acid, and arahinose ester of 
ellagic acid, besides leucocyanidin, have been isolated 
from the unripe fruit (Sadana & Bashir Ahmed. 
/. sci. indust r. Res., 1949, 8B, 35 : Food Sci., 1962, 11 , 
12 : Se.shadri & Vasishta, Curr. Sci., 1964. 33 , 334). 

The seeds constitute 6 -12 per cent of the whole 
fruit and contain up to 14 jier cent of an orange- 
yellow. aromatic, fatty oil. Analysis of the .seeds 
(from the Philippines) gave: moisture, 10.3; pro- 
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tcins, 15.2; fat, 14.3; tannins, 1.4; glucose, o.i ; 
starch, 13.2 ; fibre, 42.4 : and ash, 3.0%. Ripe seeds 
collected from Varanasi during the rainy season, gave 
5 |>cr cent of a fatty oil with the following constants: 
d‘®", 0.9365: 1.4687; sap. val., 198.7: acid val., 

6.4 : iod. val., 96.4 : R.M. val., 0.35 ; Polenske val., 
o.i : and unsapon. matter, 0.68%. The fatty acid 
c(»m|>osition was as follows: saturated acids, 16.0; 
oleic, 55.8 : linoleic, 27.8 : and linolenic, 0.4'V,. Satu- 
rated acids present are myristic, palmitic and stearic. 
Seeds from the Philippine and Japanese guavas 
yielded oils with iodine values as high as 140 (Kckey, 
706 : Thorpe, V, 154 : Varma c/ «/., Fettchem, 
Ihusch,, 1936, 43 j 8: Suhrahmanyam & Acharya, /. 
Sci. Fd Agric,, 1957, 657). 

OUAVA PRODUCTS 

Guava is used in the preparation of guava cheese, 
canned guava and guava jelly. Processes have also 
been develo|H’d for drying guavas as such and as 
pulp in the form of sheets, and also for the prepara- 
tion of products such as guava juice and juice powder, 
guava concentrate, and guava nectar (Food Sci., 1962, 
II 4 381 : Jain & Hirway, Agric, Res., 1965, 5, 258). 

Guava Cheese— C mUiwh cheese is prepared from ripe 
and firm fruits. The fruits are washed and cut into 
.small pieces, boiled in water and the pulp after 
straining to remove seeds and peels, is mixed with 
sugar and butter and heated until the mass becomes 
suflicienily thick. Citric acid, common salt and 
colouring matter arc added. The whole product is 
allowed to set and then cut into pieces of attractive 
shape. It is wrapped in butter paper and stored in a 
dry clean place. A cold process has also been deve- 
loped for the preparation of guava cheese using the 
pulp along with the seeds and peelings (Food Sci., 
1957, 6, 212 : Girdhari Lai et ai, 258). 

Guava Jelly For the preparation of guava jelly, 
healthy, and rather tart fruits are preferred ; they 
are washed, cut into small pieces, aiicl after the addi- 
tion of citric .acid, boiled in water for about h.alf an 
hour. The juice is pres.sed out with a muslin cloth, 
and examined for the degree of richness in pectin 
content. It is cooked with an ecpial (piantity of sugar 
till the resulting jelly boils at 105° \Iudian hort. 
Ahslr., 1953, 3(12), 8). 

Canned Guava — Fully ripe and firm fruits prefer- 
ably with white flesh and few seeds arc chosen for 
canning. The fruits arc peeled with a knife, cut into 
lialvcs, and the seeds present are scooped out. The 
peeled cored fruits arc kept immersed in 1-2 per cent 


common salt solution to ^prevent browning, and 
canned in hot sugar syrup containing citric acid. 
Canned guavas often have a taste and aroma better 
than those of the fresh fruits. I Am of ascorbic acid 
during canning amounts to 19.4 per cent. During 
storage at room temperature (25-30°) for 6, 12, ami 
24 months, the ascorbic acid losses have been recorded 
to be 1 0.0, 18.3, and 39.5 per cent, respectively. 
Kffccts of blanching and canning by difTerent proce- 
dures on ascorbic acid content of the fruits have also 
been studied (Girdhari l.:d et al., 65 : Food Sci. Ahstr.. 
1955, ^9 » Dhopeshwarkar & Magar, /. sci. indust r. 

Res., 1952, llA, 264 : 1954, 13B, 49 : 1955, 14C, 27). 

Guava Nectar Pink-fleshed fruits are found parti- 
cularly suitable for the preparation of guava nectar. 
The inner jiulp is sieved and blended with sugar 
syrup of 15° Brix and 0.25 per cent acidity, when a 
nectar type of beverage, having a delicious taste and 
aroma, is obtained. The yield of guava juice is 65- 
80 per cent on the weight of the whole fruit. The 
juice can be processed into a powder of high cpiiality. 
The products arc likely to find application in syrups, 
aerated water industry and large scale feeding pro- 
grammes. (hiava paste can be prepared by boiling 
down the juice until it forms a gel on cooling (Food 
Sci., 1962, 11, 381 : von Ijoe.secke, 1942, 81 ; Jain & 
Borkar, Agric. Res., 1964, 4, 214). 

i.i-:;\VKS 

The leaves of F. guajava contain catechol ami 
pyrogallol types of tannins (8-15%). Dry mature 
leaves from Uttar Pradish contain 13.9 per cent of 
tannins and 9.0 |)er cent of non-tannins. The leaves 
can be used for tanning in .sole and heavy leather 
tannage, and also probably for upper leathers when 
blended with other suitable tanning materials. 
Leathers tanned with guava leaves alone or a blend 
of leaves and myrobalan (3:1) tlid not crack even 
after six months, and were of fine, smooth and tight 
grain (Pamle & Kumar, J. Indian Leath. Tcchnol. 
/l.v.%'., i960, 8 , 139 : Wehmer, II, 829). 

The leaves contain a yellowish green or yellowish 
red essenti.al oil having a pleasant agreeable odour. 
Txaives of the red-fleshed type from Bangalore 
gave 0.26 per cent of the oil and those of the white- 
fleshed type from Allahaliad gave 0.31 per cent ; the 
j)ropcrties of the two oils were, respectively: d.,**', 
o.9(x)i, 0.9102: n, 1.4882 (at 25°), 1.487 (at 23°); 
Wo • 1. 1, ; and e.sier val, 

12.3, 4.7. The essential oil contains d- and d/-limo- 
nenes, / 9 -caryophyllcnc, a bicyclic sesquiterpene 
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alcohol, and a tertiary sestjiiirerpenc alcohol. Oil of 
guava leaves is aromatic and is useful as a flavouring 
agent. It inhibits the growth of Escherichia co//, 
Bacillus subtilis and Micrococcus pyogenes var. 
aureus (Bhati, Perjuni, essent. Oil Rec,, 1953, 44, 46 ; 
Bhati et al., ibid., 19^^, 44, 274 : Bhaii, ibid., 1967, 
58, 707 : Philipp. Ahslr., No. 2, 1961, 24). 

Leaves contain wax, resins, sugars, carotene, 
vitamins Bj, B.^, and B^, niacin, and vitamin C. 
The presence of the following (Constituents in leaves 
from different sources has been reported by various 
observers : / 3 -sitosterol, (juercetin and its arahinosides, 
giiaijavcrin and aviciilarin, a mixture of triterpo- 
noid acids, viz. ursolic, oleanolic, cratagolic and guai- 
javcdic (Cai.HjsO,, m.p. 306-08°), a new triterpene 
sapogenin (m.p. 153-55''). leucocyanidin, and ellagic 
acid and its 4-gent iobioside designated amritosidc 
(OaiiHaiiOjH. m.p. 248-50° decomp.) (Arthur & lliii, 
/. cheni. Soc., i(;54. 2782, 1403 : Soli man Ik Farid, 
ibid., ic;52, 134 ; FI Khadmc & Mohammed, ihid., 
1958, 3320 : Varshney & Shamsuddin, Indian /. 
Clicnu, 1964, 2, 377 : Seshadri & Vasishta. Phyto- 
chemistry i (;65, 4, 989). 

KAKK 

'riic hark of the guava tree contains considerable 
amount of tannins (ii 27%), and is used for tanning 
and dyeing purposes. Leucocyanidin, luteic acid, 
cllagic acid and amritosidc have been isolated from 
the sletn bark |Fdwards ei al, Indian For. Rec., NJi„ 
Chcni. & Minor For. Proc/., 1952, 1(2), 154; Hooper, 
Agric. Ledger, No. 1, 1902, 43: Seshadri & Vasislita, 
Phytochemistry, 1(^65, 4, 317]. 

WOOIJ 

The wood is smootli and works well. It is used lor 
woodengraving and for spear-handles, instruments 
and for lac-turnery (Gamble, 355). 

MEDICINAL VSV^ 

The guava plant as well as its fruits are of consi- 
derable medicinal importance. Fxtracts of leaves, 
flowers, and fruits were found active against Micro- 
coccus pyogenes var. aureus and Escherichia coli. 
Fxtracts of the fruits were moderately active against 
enteric pathogens like Salmonella typhosa and 
Shigella antidysrnteriae BIT. The guava leaves are 
used for wounds, ulcers and as an astringent lor 
bowels. The young leaves are used as a tonic in the 
diseases of the digestive functions. The decoction of 
leaves has been used in cholera with some success in 


arresting vomiting and diarrhoea. An infusion of the 
leaves and roots is a popular astringent drink in 
Ghana. A decoction of the young leaves and shoots is 
prescribed in febrifuge and antispasmodic baths. 
Infusion of leaves is used in cerebral affections, 
nephritis and cochexia. The pounded leaves arc 
locally applic'd in rheumatism, and an extract is used 
in epilepsy and chorea ; the tincture is rubbed over 
the spine of children suffering from convidsioiis. A 
decoction of the leaves when gargled relieves tooth- 
ache and gum bc^ils (Kirt. (k Basil, II, 1047 ; Bushnell 
et al, Pacif. Sci., 4, 167 ; Rao, Andhra agric. /., 

1954. 368). 

The bark is valued for its astringent properties, 
and has been employed in diarrhoea in children. It 
is generally administered in the form of a decoction. 
The bark is tonic and the ash caustic. 

The flowers are said to cool the body and are used 
in bronchitis. They are also applied to eye sores. The 
fruit is tonic, cooling and laxative. It is good in colic, 
and for bleeding gums. The fruit and its conserve arc 
astringent and used in diarrhoea and dysentery 
(Kirt. & Basil. II, 1046-47). 

P. guineense Sw. syn. P. molle Bertol. ; P, araca Raddi 

Guinea Guava 

MeVaugh, Publ. Field Mus. tiat. Hist., Bot. Ser., 
19^8, 13 , pt 4. No. 2, 796 ; l)eh. Bull. hot. Surv. India, 
1961, 3 ( 8 ), 87. 

An undershrub, or rarely a small, evergreen, 
|uibescent-villous tree, up to 7 m. high, native of 
tropical America and New Guinea and cultivated in 
other tropical countries. It is reported to be grown in 
experimental gardens. Al Agartala (Tripura), it has 
become naturalized and is found growing wild, 
fjcaves opposite, 6-15 cm. x 4 8 cm., ovate, oblong or 
elliptic, entire or distantly serrulate, glabrous above, 
ferruginous tomentose below : inflorescence an 
axillary dichasium, 3- or i -flowered in some cases, 
flowers white : fruit a berry, pyriform, about 2 cm. 
in diam.. containing many seeds. 

The (hiinea Guava hears profusely, but the fruits 
are small and thick-skinned. It is also very hardy and 
has long flowering duration. P. guineense has been 
crossed with P. guajava. When the latter is used as 
the female parent, the cross has been found to be 
succe.ssful. I’he hybrids are dwarf, hardy and prolific 
bearing (Seth, Ilort. Advance, 1962, 6 , 173). 

The fruit is edible and has a delicate acid taste 
(MeVaugh. loc. cit.). 

Psilomelane — see Manganese Ores 
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PSILOTUM Sw. (Psilotaccac) 

Prain, II, 1269 ; FI. W. trop. Africa, siippl., 17. 

A very small genus of highly variable herbs, distri- 
buted in the tropical and sub-tropical regions of the 
world. One species occurs in India. 

P. nudtnn Beauv. syn. P. triquetrum Sw. is a small 
terrestrial or epiphytic, tufted, dichotomously 
branched, perennial herh, found mostly in rocky 
crevices in moist and shady places throughout India, 
ascending up to an altitude of about 2,(xx) m., and 
also in the Andamans. The herb is scarce, although 
it has been recorded from a number of localities. 
Since the plant has a close resemblance to the Devo- 
nian Psilophytes, it may be called a living fossil. 

In Hawaii, the herb is used to prepare a kind of tea 
which is administered to children suffering from 
thrush ; it is also used as a purgative. The oily spores 
are given to infants to arrest diarrhoea. The juice of 
the herb showed antihacterial activity against Micro- 
coccus pyogenes and Pseudomonas aeruginosa (Infor- 
mation from the Botanical Survey of India ; Dcgener, 
20 : Bushnell et al., Pacif, Sci., 1950, 4 , 170, 177). 

The shoots yield a phenolic glucoside, psilotin |6- 
(4'-j8-D-glucopyranosyl oxy phony l)-5, 6-dihydro-2-oxo- 
2H-pyran|. The plant contains biflavones, apigenin, 
acacetin, genkwanin, amentoflavone and hinokifla- 
vonc (Mclnncs et al, Tetrahedron, nj 6 ^, 21 , 2939; 
Voirin & Lebrreton, C.R. Acad, Sci„ Paris, Ser. D, 
1966, 262 , 707). 

PSOPHOCARPUS DC. {Leguminosae ; Papiliona- 
ceaii) 

A small genus of climbing plants with tuberous 
roots, native to Africa. One species is cultivated in 
India for its pcxls, used as vegetable. 

P. tetragonolobus DC. (joa Bean 

FI. Br. Ind., II, 21 Brown, 1941, II. 160-62, 
Fig. 72. 

Bknc;. — Cliara-koni-sem, lakar-sem ; Tam. — Morisu- 
avarai ; Kan. Shamhe ka\i. 

Bo.mbay —Cliavdhari ghevda, 

A perennial climber with tuberous roots cultivated 
in India, Burma and some other South-East Asian 
countries for its edible pods and tuberous root.s. Stem 
weak, twining : leaves 3-folioIatc with broad ovate 
leaflets, 7.5-15 cm. long : flowers large, light blue, in 
lax racemes ; pods 4-angled, 15-22 cm. long, 2-3 cm. 
broad, with each angle continued into a much crisped 
and toothed papt^y wing 3-6 mm. broad ; .seeds 
nearly globular, c. 6 mm. across, .smooth. 


The Goa bean is thought by some to be native 
cither to India or to Mauritius, but others think it is 
more likely to have originated in the African region, 
where all the other four or five species of tliis genus 
arc found wild. Several varieties are found, some with 
white flowers and others with bluish flowers. Among 
the plants grown in India, there are some with yellow- 
brown seeds and some with very dark brown seeds 
(Burkill, Agric. Ledger, 1906, 13 , 51 ; Burkill, II, 
1818 ; de Sornay, 171).. 

The Goa bean prefers comparatively warm and 
humid regions and thrives well in the damper parts 
of India. It is said to he succes.sfully cultivated in 
Deccan, particularly in Mysore and Maharashtra 
States : it is also grown in Bengal and Madras. The 
.seeds are .sown early in the rains and the vines may 
be supported on a wall or trellLs. The plants flower in 
a couple of months and continue to grow during the 
greater part of the year, except during the dry warm 
months. Where the plants arc rai.sed for their tubers 
on a field .scale, as in Burma, they arc left to spread 
on the ground. Some types, like the ones grown in 



FIG. 103-PSOPHOCARPUS TETRAGONOLOBUS-PODS 
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India arc. however, iul)erlcss (Biirkili, Agric. Ledger, 
1906, 13, 51 ; de Sornay, 171 ; Hector, II, 681). 

The Goa heaii can he grown as a perennial, hut 
better results arc said to he obtained by planting 
afresh every season. 'I'he young pods are harvested 
promptly before they mature. Each vine yields 
about 25 pcxls every 5 or 6 days and productivity 
continues if the vines arc liberally manured every 2 
or 3 weeks. The yield of tulx'rs is said to vary from 
2.5 to 6 tonnes per hectare in the different regions of 
Burma. Observations made in Nigeria and Malaya 
are said to show that the Goa bean exceeds in nodu- 
lation most of the other species of leguminous green 
crops tried, the calculated weight of the nodules 
amounting to as much as 0.75 tonnes per hectare. In 
certain areas of Burma, the sugarcane crop following 
a crop of Goa beans is said to yield half as much 
more than usual. Goa bean is said to be well worthy 
of trials to assess its value as green manure, cover 
crop, fodder crop or restorative fallow crop, particu- 
larly in the wet tropics (Masefield, Emp, /. exp, 
Agric.y 1957, 25 , 139 ; Trap, Agriadture, Trin,^ 1961, 
38, 225). 

The young and tender pods arc succulent and sweet 
and are eaten either raw or cooked. I'hey contain 
appreciable amounts of calcium, iron, thiamine 
and ascorbic acid. Mature pods become tough 
and fibrous. Analysis of edible portion of tender 
pods (from ihe Philippines) gave the following values: 
moisture, 90.4 : protein, 2.9 ; fat, 0.2 ; carbohydrates, 
5.8; fibre, 1.3; and ash, 0.7%; calcium, 63: phos- 
phorus, 37 ; iron, 0.3; sodium, 3.1 ; polassium, 205; 
thiamine, 0.24: riboflavin, 0.09: nicotinic acid, 1.2; 
and ascorbic acid, 19 mg./i(X) g. : vitamin A, 595 
I.U./ioo g. Non-protein nitrogen accounts for 44.2 
per cent of the total nitrogen in the vegetable. The 
free amino acids present are: serine, aspartic acid, 
glycine, glutamic acid, alanine, tyrosine, and all the 
essential amino acids except histidine and methionine 
(Mensier, 476: Brown, 1941. II, 161 : Handh, Inst, 
Nutr, Philipp., No. 1, 1957, 28 : Kulkarni & Sohonie, 
Indian J. rned. Res., 1956, 44, 511). 

In Java, the seeds are eaten after roasting. They 
contain: moisture, 8.5: protein, 41.9: fat, 13.1 ; 
carbohydrates, 31.2 : and ash, 5.3%. The seeds are 
reported to he somewhat indigestible : dried seeds 
cook with difficulty. They contain a trypsin inhibitor 
which is not affected by heating in boiling water and 
is partially destroyed (to the extent of 61%) by auto- 
claving. The seed oil is similar to soybean oil and 
can be used for cooking and for soap making and the 


cake can be used as human food as well as stock feed. 
Extracts of the seeds showed a non-specific aggluti- 
nating activity with the different groups of human 
red blood cells (Burkill, II, 1819 20; I’adilla & 
Soliven, Philipp, Agric., 1933, 32 , 408 ; Sohonie & 
Bhandarkar, /. sci. indttstr. Res., 1954, 13B, 500; 
Chern. Abstr., 1962, 57, 2748; Schertz el al., Eton, 
Rot., i960, 14, 232). 

In Burma, the tuberous roots are eaten as a delicacy 
and there is said to be a large trade in the roots. They 
arc smaller than those of Pach\rrhizus with which 
they are sometimes confused. The tuberous roots 
swell early and by the time fruits are ripe tliey are 
stringy and insipid. They have a fairly agreeable 
flavour when boiled. ITiey are difficult to cook 
thoroughly because of their hardness. Dried roots 
contain: moisture, 9.0 ; protein, 24.6 : fat, i.o ; carbo- 
hydrates, 56.1 ; fibre, 5.4 : and ash, 3.9%. The starch 
grains of the tubers vary in size and sliape, the longer 
grains predominating. The young leaves are also 
eaten as a vegetable, raw or steamed. Flowers arc 
eaten or addecl to various dishes to colour them blue 
(de Sornav. 174, 29^ : Burkill, Agric. lA^dger, 1906. 
13, 51 : BuVkill, II. V819 : Degener.V. N. Y. hot. Gdn, 
1945,46,110). 

Stems and leaves contain appreciable amounts of 
vitamins A and C and arc used as green fodder. Their 
nutritive value is as follows: moisture. 78.9; protein, 
6.3: dig. protein. 4.8: fat, i.o; carbohydrates, 7.9; 
fibre, 4.1 : ash. 1.8 : calcium (CaO), 0.37 : and phos- 
phorus (P2O;,), 0.12%. Hydrocyanic acid has been 
reported in tlic stems (Tcik, Sci. Ser., Dcp. Agric., 
Malaya, No. 24, 1951, 15, 67. 76, 82 : Quisumbing. 

>035)- 

P. palmtris Desv. syn. P. longcpedunctdalns Hassk., 
a native of tropical Africa, is in most respects similar 
to the preceding species and is said to he cultivated 
in parts of the iropics for its edible pods and tuber- 
ous roots. Trials in Ceylon arc said to have shown 
that it is of use as a ground cover for perennial crops 
and as a com|X)nent of pastures. In Indonesia, the ripe 
seeds are reported to he used in the same way as those 
of P. tetragonolobm (Burkill, II, 1818-19; Dalziel. 
296: Paul, Trap. Agriculturist, 1991, 107, 22^; 1953, 
109, 27). 

PSORALEA Linn. (Leguminosae ; Papilionaceae) 

A large genus of herbs, shrubs or undershrubs 
distributed in tropical and sul>tropical regions of the 
world. Four species are found in India of which one 
is exotic. 
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P. corylifolia Linn. 

D.E.P., VI(i), 353 ; III. 418 ; FI. Br. Tnd.. II. 103 ; 
Kirt. & Basu, PI. 3fX)A. 

Saxs. — Bakuchi, kushthaiiashini, siigandhakantak : 
Hindi — Babchi, havtmclii, hiikclii ; Bv.sq. -Bavachi, 
kakucli, latakasturi ; Mar. Babachi, bavachya ; Guj. 
— Babchi, havvhi ; Tkl. Baavanchfilu, bapiniga, 
bawuchcc ; Ta.m . — Kaarbohi urisi, karporgam ; Kan. 

-Bavanchigida, karhekhiga ; Mal. — Karpokknrt, 
kail r koala ri ; Oriya Bakticlii. 

An erect annual, 30-180 cm. higli. found almost 
throughout India. Leaves broad ly-elliptic, inciso- 
dentate ; flowers yellow or bluish purple, in dense 
axillary, long-peduncled heads ; pods small, 3.5- 
4.5 min. X 2.0-3.0 min., ovoid-oblong, somewhat com- 
pressed, mucronafe, dark chocolate to almost black ; 
seed one, smooth, adhering to the pericarp. 

P. corylifolia is not cultivated on a commercial 
scale anywhere. It is reported to he grown to some 
extent in Rajasthan and the eastern districts of 
Punjab adjoining Uttar Pradesh for its seeds. Seeds 
of good quality are produced in Rajasthan. The plant 



FIG. 106 -PSORALEA CORYLIFOLIA-FKUITING BRANCH 


grows on any average soil. Seed is sown in March- 
April in lines, 30 cm. apart, at the rate of 7 kg. per 
hectare. The plant flowers during rains and seeds 
mature in November. Under proper care, the plants 
may continue to grow for 5-7 years (Luthra & Suri, 
Spec, BiilL, Dep, Agric, Bnnjab, 1936, 14; Luthra, 
Indian Fmg, 1950, 11, 10 ; Chopra, 1958, 391 ; Biswas, 
/. Asiat, Sot\ Sci, 1956-57, 22, 61). 

The fruits (seeds)* of P. corylifolia consist of a 
sticky oily pericarj) (c. 12% of the seed), a hard seed 
coat and kernel. They are odourless, but on chewing 
they emit a pungent odour, and have a bitter, un- 
pleasant and acrid taste. The seeds contain an essen- 
tial oil (0.05%), a nonvolatile terpenoid oil, a dark 
brown resin (8.6%). a pigment (probably a hydroxy- 
flavone), a inonoterpenoid phenol named bakuchiol 
(Ci^H^jO, b.p./o.7 inin. 145-47"), brown lixed oil 
(c. 10%), rainnose, and coumarin compounds, viz. 
psoralen (identical with ficusin ; in.p. 

161 62"). zsopsoralen (identical with angelicin ; in.p. 
141-42°). psoralidln (C,,iH,,(),, m.p. 315" decomp.), 
/.vopsoralidin (C,r,H,,0.,, m.p. 283-84°), and coryli- 
folin (C,-II,hO;„ m.p. 183"). I^aicr investigations indi- 
cated molecular formula of psoralidin to he Ca.JIii.U:. 
(m.p. 290 92° decoinp.). Fixed oil of the .seeds is 
vi.scous, hitter in ta.ste and on keeping deposits 
p.soralen. It contains considerable resin acids (21.5%) ; 
stigiuaslerol is |)resent in the un.saponiliable matter 
(Se.shadri & Venkaiarao, Proc. Indian Acad. Sci., 
1937, 5A, 351 : I.P.C., 209 : Chopra & Chatrerjee. 
Indian /. mvd. Res., 1927-2S. 15, .^9 : Mehta ri al.. 
Tetrahedron Lett., 1966, 4561 : Jois et al., J. Indian 
chem. Soc., 1933. 10, 41 : Bhattacharji, /. sci. indnstr. 
Res., 1961, 20B, 135 : Chakravarti et ai, ibid., 1948. 
7B, 24: Chnn. Abstr., 1936, 30, 4855, 7575; 
Dartagupta et al., Chem. & hid., i960, 48 : Siddajqia 
& Devi, Proc. Indian Sci. Congr., 1957, pr TIT, 130; 
1956, pt I IT, 126: Kliaslgir et al., Indian J. appl. 
Client., 1959, 22, 35)- 

The .seeds are used in indigenous medicine as 
laxative, aphrodi.siac. anthelmintic, diuretic and 
diaphoretic in febrile conditions. 'Fhey have been 
.specially recommended in the treatment of leuco- 
derma, leprosy, p.soriasis and inflammatory diseases 
of the skin, and arc prescribed both for oral adminis- 
tration and for local external application in the form 
of a paste or ointment. The use of seeds in the treat- 

* The word seeds has been used thn)U};hout the article, though 
botnnically they are really iiidehiseent pints of the plant, ihc 
pericarp closely .adhering to the seed. 
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FIG. 107-PSORALEA CORY LIFOLI A— FRUITS 


nu-iit of leprosy lias been more or less abandoned 
I (Chopra, 195H, 391 : Miikerji, /. set, industr. Res,, 
1956, 15 A( 5 ), siippl., i|. 

Mxtensive elinieal trials carried out in India have 
shown rliai ihi* seeds and their various preparations 
are useful in the treatment of leucoderma of non- 
syphilitic: origin. Psoralen and i.sfjpsoralen are consi- 
dered tile therapeulically active constituents of the 
seeds, "riie drug appears to have a purely local action, 
with a sjiccific effect on the aricriole.s of the sub- 
capillary plexuses which are dilated so that plasma is 
iiu leased in this area. The skin becomes red and the 
melanoblasis (pigiViCiu-formiiig cells) are stimulated. 
In leucoderma, melanoblasts do not function properly 
and ilieir stimulation by the drug leads them to 
form and exude pigments which gradually diffuse 
into the wliite leucodermic patches. The treatment 
by this drug has not been effective in the leucoderma 
of syphilitic group, because in such cases, in all proli- 
ability melanoblasts are killed, for they are not 
visible in histological preparations [Chopra, 1958, 
391-95.: Milker ji & Hhandari, East, Pharm,, 1959, 
2(:o), 29]. 

A number of preparations made from the seeds 
have been tried in numerous cases of leucoderma 
and other skin diseases. Oral administration of the 
powdered seeds to the patients has generally resulted 
in side reactions such as nausea, vomiting, malaise, 
headache and sometimes purging. Kxternal applica- 


tion of the es,sential oil preparations generally proved 
to be highly irritant to the skin causing sensitiveness 
and even blistering, fntradermal injection of the oil, 
though effective, was normally accomjianied by severe 
pain with tendency to ulceration. Local application 
of the oleoresinous extract of the seeds has been 
recommended as a more suitable preparation. 'Fhe 
extract is official in Indian Pharmacopoeia as Babchi 
Ointment or Application of Psoralea. The strength of 
the oil or oleorcsin preparations should be so adjusted 
as not to allow its action to go beyond the state of 
redness of the leucodermic patches. The use of these 
preparations has, however, not resulted in perma- 
nent cure : there has been even total failure in some 
cases (Chopra, 1958, 391-^5 ; Mukerji, loc. cit.; I.P.. 
60: Panja & Maplestone, Indian med, Gaz,, 1940, 

75,93). 

Trials with the active principles, p.soralcn and 
isopsoralen mixture, given orally, have shown that 
this treatment has some value which is not obtain- 
able by external application of the oil or the oleore- 
sinous extract. In trials with patients aged below 20 
and having leucoderma of recent origin, encouraging 
results were obtained with the furocoumarin mixture. 
External application of a licpiid preparation made 
from this mixture was also tried on white patches 
simultaneously with oral adminl.stration. The patches 
tended to he covered up gradually, and the initial 
time of response varied between 10 and 30 days. No 
fresh patches appeared during the course of treat- 
ment and relapses were few. I’rocesses for the extrac- 
tion of psoralen-wopsoralen mixture from ibe seeds 
have been developed and covered by patenis. The 
furocoumarins arc present in the fresh seeds as glvco* 
sides of the corresponding coumarinic acids and 
cannot he fully extracted out directly. Soaking tlie 
ground seeds in water for a few days prior to extrac- 
tion hydrolyses the glycosides thereby releasing the 
coumarin.s. Yields of up to i per cent of the mixture 
have been obtained. I\soralen is re|)orted to be more 
potent than other furocoumarins such as xanthotoxin 
and bergapten (Mukerji, loc. cit. : Mukerji 
Bhandari. loc. cit. : Khastgir ct al., Indian /. a/ypl. 
Clietn,, 1959, 22, 82 : Rangaswami & Se.shadri, tndian 
/. Phann., 1943, • Chakravarti ct al., loc. cit. : 

Bhattacharji & Dhar, Indian Pat.. No. 59265. 59266 
and 61772, 1957 ; Das Gupta, Proc. Indian Sci, Coi/gr., 
1962, pt III, 194; Sen, /. sci, industr, Rcs„ 196^. 
22 , 88 ). 

The seed extracts inhibit the growth of Staphy- 
lococcus citreus, S, aureus and S, aJhus including 
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strains resistant to penicillins. A highly potent anti- 
staphylococcal fraction has been obtained from the 
seeds. The seeds possess antbelinintic activity against 
earthworms, psoralen being the active principle. 
Psoralen is also toxic to fish. The essential oil shows 
a selective activity against the skin streptococci and 
this probably accounts for its use in indigenous 
medicine for the treatment of skin affections. The oil 
has a marked action on Paramecium ; in a dilution 
of I in io,o(X), streptococci and Paramecia arc killed 
in lo minutes. It has a distinct stimulant action on 
voluntary muscles in high dilutions, up to i in 
ioo,(X)o. It increases the tone of the uterus and 
stimulates the int(‘stinal smooth muscles of the experi- 
mental animals (Gupta et al.. Bull reg. Res, Lab.. 
Jammu, 1962, 1 , 59 : Gaind et al,, Indian /. Pharm,^ 
1964, 26 , 14 1 ; 1965, 27 , 198 ; Iyengar & Pendse, ibid., 
1962, 24 , 2S9 ; Chopra, 1958, 392-93). 

The seeds are used locally in the preparation of 
certain types of medicated oils and incense prepara- 
tions. The root is useful in the caries of teeth. Leaves 
arc used in diarrhoea [Krishna & Badhwar, /. sei, 
industr. Res,, 1949, 8(2), suppl., 159 ; Cooke, I, 342 ; 
Kirt. & Basil, 1 , 718]. 

The seed cake left behind after the removal of the 
fixed oil is rich in nitrogen (6.7 *;<',) and minerals 
(7.8%) and is staled to be suitable as a feed or manure 
(Seshadri & Venkatarao, loc. cit.). 

The plant is eaten by cattle in Bundelkhand, The 
seeds are reported to be used as an article of food. 
The whole plant is a good source of nitrogen for 
organic manure. Its manurial value is as follows 
(oven-dry basis); organic matter, 87.77; **-*3» 

nitrogen, 3.69 ; calcium (CaO), 3.25 : potassium (K^O), 
1. 18: and phosphorus (P2O.), 0.96% jSantapau, Rev, 
hot, Surv. India, 1953, 16 , 51 ; Patil, Poona agrie. Coll, 
Mag,, 1960-61, 51(3 & 4)' 32 !• 

P, plicata Delile (Pi'XMB — Bakhtmat) is a low, 
much-hranched shrub, 30-60 cm. higli, with trifolio- 
late leaves, yellow or pale violet flowers and ellipsoid 
or oblong-globose, one-seeded pods found in Punjab 
and Delhi. 

Camels are fond of this plant. The leaves contain : 
crude protein. 9.4 : ether extr., 1.5 : N-free extr., 41.9 : 
crude fibre, 40.1 : mineral matter, 7.2 ; calcium, 1.9; 
and phospliorus. 0.2%. The young pods arc reported 
to yield a yellow dye [Singh et al, Indian J, vet, Sei., 
1959, 29(2 & 3). 32 ; FI. Delhi, 134]. 

PSYCHOTRIA Linn. (Ruhiaceae) 

A large genus of shrubs or small trees, rarely herbs, 


distributed in the tropical and sub-tropical regions of 
the world. About 45 species occur in India. 

P. montana Blume 

FI. Br. Ind., Ill, 174. 

A small evergreen shrub found in the plains of 
Assam and in Khasi hills. Leaves elliptic or oblong- 
lanceolate : flowers whitish, in sub-corymbiform 
cymes ; fruits ovoid-oblong, red. 

The roots are used in Malaya for poulticing ulcers 
and swellings and a lotion made of them is used in 
fever and for enlargcil spleen. The roots, leaves and 
stem show a positive reaction for alkaloids (Burkill, 
II, 1821 : Kiang et al„ J. Pharm,, Lond,, 1961, 13 , 98). 

P. sarmentosa Blume 

FI. Br. Ind.. Ill, 165. 

A twining shrub. 3 m. high, found in western ghats 
and west coast from Kanara southwards. I.,eaves 
elliptic or elliplic-obovate ; flowers greenish, in 
corymbiform cymes : fruits small, obovoid, white, 
fleshy. 

In Malaya, the plant is used as medicine to expedite 
child-birth and the leaves are applied as poultice for 
sores (Burkill, II, 1822). 

P. viridiflora Reinw. syn. P. jackii flook. f. ; 
P, calocarpa Kurz 

FI. Br. Ind., HI. 167, 173. 

A small evergreen shrub found in Nepal and 
Sikkim Himalayas, at altitudes of 600-1,200 ni., and 
in North Bengal, Assam, Nagaland, N.E.F.A., 
Manipur, and Khasi, Aka and Lushai hills. I^^aves 
very variable in size and shape, lanceolate or elliptic- 
lanceolate, entire or broadly crenate : flowers pink 
greenish or white, in cymes ; fruits ellipsoid or sub- 
globose, succulent, orange or red. 

The leaves are reported to yield a red dye. In 
Sarawak, old leaves are boiled with water, and when 
the ru|uid is sufficiently concentrated, powdered lime 
is added to it. The cloth is soaked in the lupiid for 
a long time when it is dyed red-brown. The leaves, 
bark and stem juice are used for skin affections, and 
against bites of poi.sonous insects (Burkill, II, 1823). 

Psychotria ipecacuanha — see Cephaelis 

Psyllium — see Plantago 

PTERIDIUM Scop. (Polypodiaceae) 

A genus of ferns distributed in the tropical and 
temperate zones. The genus is usually regarded as 
consisting of a single variable species or a group of 
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closely allied species. It is represented in India by 
P. aquilinum, 

P. aquilinum Kuhn syn. Ptcris aquilitia Linn. 
Rrackkx, Brake 

D.K.P., VI(i), 355; Beddome, Indian Kerns, 115; 
Blatter & d’Almeida, PI. VII. 

Tam. — Parnai ; Mat.. TavL 

PiwjAB — Dcoy kakei, kakhash, Unigtir ; Ll-siiai — 
Katchat, 

A tufted, fast-growing fern, with a stout, creeping 
rhizome, producing numerous fronds, found growl- 
ing on exposed grassy lands in the hills throughout 
India, at altitudes of 600-3,600 m. I'Vonds mostly 
tripinnaie, the uppermost pinnae simple, usually 
o.^i.8 m. long and 30-90 cm. broad, but may grow 
up to 3.6 m. in length. 

Bracken is an ornamental fern, grown for borders 
and rockeries and also planted in pots for indoor 
decoration. It can he pro|)agated through division of 
rhizomes, or from spores. In some countries, it has 
l)ecome a troublesome weed, and steps have been 
taken to control it mechanically or by the use of 
chemicals, particularly sodium chlorate and sodium 
arsenite |Medsger, 136; Swarup & Sharma, Indian 
Hart,, 1960-61, 5(4), 17 : Nelthorpe, Quart, J, For,^ 
1950, 44 , 18 : Field Crop Abstr,, 1953, 6, 57 ; 
Muenscher, 1955, iii : Robbins et al., 431 : Rose, 56]. 

In times of scarcity, the rhizomes are boiled or 
roasted and eaten, or are ground into powder used 
for making bread. The starch, present in the 
rhizomes, is bitter ; this bitterness can be removed 
by w^ashing. It is reported that in China and Japan, 
the starch has long iK*en extracted for medicinal use. 
Mixed with malt, the rhizomes are used for brewing 
a kind of beer. They are also employed as a feed for 
Mock, especially pigs. Analysis of meal from the 
dried rhizomes gave: dry matter, 90.0: protein, 9.5; 
fat, 1.2: carlwhydrates, 51.0: fibre, 20.0: and ash, 
8.3%. The rhizomes contain much mucilage, sugars 
(6.7%), catechol tannin (6.67^,), and a bitter glyco.side, 
pteraquilin (m.p. 92"). The pre.sence of a bitter 
saponin, aqueous dispersion of w'hich is highly toxic to 
fish, has been reported : it is. however, non-toxic to 
rabbits. Bracken is reported to he u.sed for tanning 
certain leathers (Burkill, II, 1823-24: Hedrick, 470; 
Watt & Breyer-Brandwijk, 1092 ; Hoppe, 747 ; 
Woodman, Bull, Minist, Agric., Lond„ No. 124, 1945, 
15 ; Chem, Abstr,, 1954, 4 ^ 8964 ; 1957, 51 , 6838). 

The lender fronds are mucilaginous. They arc used 
as a vegetable, and also employed in soups. On 


analysis, the fresh fronds show: moisture, 91.3; 
protein, i.o; fat, 0.1 : N-free extr., 5.6: fibre, 1.4: 
and mineral matter, 0,6%, The fronds contain 
0.98 mg./ TOO g. of / 3 -carotenc. Krec amino acids, 
present in good amounts in the fronds, are valine, 
alanine, tyrosine, leucine, aspartic acid, ghitainic acid 
and asparagine, 'fhe fern, on dry basis, contains 
iodine, 900 /^g/kg. (Hedrick, 470: Medsger, 136; 
Winton & Winion, If, 179 ; Deuel, I, 519: Hoppe, 
747 ; Chem, Ahstr,, 1961, 55 , 19061 ; Iodine Content 
of Foods, 126). 

The green fronds are used as fodder. Feeding trials 
on cattle and sheep show that fresh, fairly young, 
green fronds are reasonably digested and, on dry 
matter basis, have a nutritive value comparable to 
that of gocnl (|ualiiy hay : mature brown fronds are 
poorly digested. Kxcessive feeding of the fronds for 
prolonged periods, particularly if the aiiiiiuils are 
solely fed on bracken diet, is rcj)orted to cause severe 
poisoning in livestock : the fronds show poisonous 
effects both in the fresh and in the dried states. 'Fltc 
symptoms of bracken poisoning arc essentially typical 
of thiamine deficiency, the afflicted animals respond- 
ing to thiamine treatment. The deleterious effects of 
the plants are attributed to the presence of two 
antithiamine factors : (1) a thermolahile enzyme 

thiaminase : and (ii) a thermostable factor comprising 
llavonoid pigments. The flavonoids isolated from the 
fresh plant include astragalin (kacmpferol-3-gluco- 
side), f 50 (|uercetrin ((niercelin-3-glucoside) and a small 
amount of rutin ((|uercetin-3-rhamnogIucoside), all 
possessing thiamine-decomposing activity. Recent 
examination of the fronds revealed the presence of 
prunasine (158 mg./ 100 g.), a cyanogenic glycoside 
(Forsyth, Bull. Minist, Agric,, Land,, No. 161, 1954, 
93 : Watt & Breyer-Brandwijk. 1089 ; Chem. Abstr., 
1954, 48 , 4064, 2179: 1955. 49 , 14826: 1956, 50 , 
14185 : Kofod & Eyjolsson, Tetrahedron Lett., 1966, 
1289). 

The dried fronds are employed as packing 
material : they have been tried as a source of paper 
pulp. Digestion of the fronds with caustic soda gave 
pulps in yields of 19-24 per cent. The fronds have 
also been used for making beer .similar to that from 
the rhizomes (Blatter & (rAliiieida. 93 ; Burkill, II, 
1824 ; Chem. Abstr., 1948, 42 , 9164 : Watt & Breyer- 
Brandwijk, 1092). 

Bracken is used as litter for cattle and horses in 
coffee plantations : the manure, thus formed, is rich 
in phosphoric acid and potash, and is useful for coffee 
plants. . 
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'I’hc rhizomes arc astringent and are useful in 
diarrhoea and inflammation of the gastric and 
intestinal mucous membranes. Boiled in oil or hog's 
fat they arc made into an ointment for wounds. The 
juice of the plant is active against Gram-positive 
i)acteria (Kirt. & Basil, IV, 2742 ; Chem, Ahstr., 1957, 
51 , 6838 ; Caius, /. Bombav nat. Hist. Soc., 1935 “36, 
38 , 360 ; Nickell, Ecofi. Bol., 1959, 13 , 303). 

PTERIS Linn. [Pteridaccac) 

Beddome, Indian Ferns, 105 : FI. Malaya, II. 393, 
Fig. 231. 

A large genus of ferns distributed in tlie tropics 
and sulKropics of the world, extending to the 
Mediterranean region, South Africa, Tasmania, New 
Zealand and north to Japan and the United States. 
About 20 species occur in India and some exotics 
have been introduced into the gardens as ornamentals. 

P. nisifonnis Burm. f. is a tufted fern with a slender, 
creeping or sub-erect rhi/ome and coriaceous 
dimorphic fronds, inhabiting the eastern parts of 
India, and the hills of the northern Andhra Pradesh 
and northern Kerala, usually at low altitudes. It is a 
liarily fern and is suitable for growing in pots. It 
develops variegated leaves tiiuler shade (Percy- 
Lancaster, 357 ; Chittenden. Ill, 1707). 

The yoting fronds are steamed and eaten as a 
llavouring. Their juice is stated to possess astringent 
properties, and a decoction of the fresh fronds is 
given in dysentery. The juice of the rhizome is applied 
to the glandular swellings of the neck (Burkill, II, 
1824 ; Qiiisiimbing, 69). 

P. multifida Poir. syn. P. scrrulata Linn, f., non 
Forsk. is a small terrestrial fern, native of (^hina and 
Japan, with tripinnate, dimorphic fronds and small 
rhizomes, introduced in the Indian gardens. It was 
recorded from Mussoorie in the western Himalayas 
as an escape from cultivation. 

In China, a tincture or a decoction of the fronds 
and rhizomes is given in dysentery. It is also said to 
h(‘ a good vermifuge. I'he toasted fronds and rhizomes 
are made into a paste with sesame oil and applied to 
the skin affections of infants (Crevost & Petelot, Btdl. 
ccoH. Indoch., 1935, * 3 *)- 

Pteris aquilina — ^ee Pteridium 

PTERNANDRA Jack (Mclastomatacvac) 

FI. Br. Ind., II, 551. 

A small genus of trees and shrubs confined chiefly 
to the Malaysian region. One species occurs in India. 


P. caeridcsccns Jack is a small evergreen tree with 
ovale or lanceolate leaves, small (6-8 mm. wide), 
blue flowers in terminal panicles, and ovoid, blue- 
violet to black fruits with many seeds, recorded 
from one of the Nicobar Islands. 'Hie wood is light 
brown and soft to moderately hard. It is used as fuel. 
Ill Malacca, the pounded fruits are used for poulticing 
in orchitis and hydrocele. An extract of seeds is given 
to stop vomiting (Gamble, 368 : Burkill, II, 1825-26). 

PTEROCARPUS Jacq. (L cgitminosae ; Papilionaccac) 
A genus of trees and woody climbers distributed 
in the tropics throughout the world. Four species 
occur in India. 

P. dalbergioides Roxh. syn. P. indkus Baker non 
Willd. Andaman Padai’k, A.ndaman Rkdwood 
D.K.P., VI(i), 355 in part : C.P., 907 ; FI. Br. Ind., 
II, 238 in part : Bor, 89. 

T Ki.. Y crnivcffisa ; Tam. — V vnffiii. 

Andamans— Clialanfrada, da. 

TiiMnv—AtidafJian Rcdzvond, padank. 

A very large semi-deciduous, or practically ever- 
green, l)uttressed tree, up to 45.0 m. in heiglit and 
5.5 m. in girth, with usually a clean cylindrical hole 
up to 15 m. above the buttresses, found only in the 
Andamans, and sparingly cultivated in West Bengal 
and South India. Leaves imparipinnate: leaflets 5-9, 
ovate-lanceolate, narrowed gradually to a point, with 
prominent nerves beneath ; panicles almost terminal, 
flowers golden yellow' ; pods orbicular, flat, winged, 
edge of pod belw'eeii stipe and style usually concave ; 
seeds 1-2, smooth, shining. 

This species was formerly c* m fused- w'ith I*, hidicus 
Willd., and included therein, hut differs from that 
species in several respects. Andaman padauk is found 
scattered in mixed deciduous or semi-evergreen 
forests wdiere its chief associates are lAi^f^crstrocmia 
hypolvuca. Tcnuinalia hudaia Steud., T. catappa 
Linn., Hopca odorala, Mrsua fcrmiy and others. It 
grows best on well-drained lower slopes of hills and 
in the broader valleys, generally along the tidal 
creeks above the mangrove 1k-1i. It is usually found 
in large numbers on soil derived from sedimcniarics 
consisting of sandstones and conglomerates. It grow's 
in its natural habitat under a normal rainfall of 
295 cm. with the climate damp for the greater part 
of the year. It is extremely frost-tender and a light 
demander (I'roiip, I, 278-81). 

Natural reprotluction occurs in openings caused by 
fellings made at the time the padauk seed is ripe on 
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the tree, ft is Mssisred i)y ivnuAiiig the iinderj^rowth 
eoinplelely every year lor three or huir years till the 
young ero|) is estaidished. Whole pods are sown for 
artilicial re|)roduclion, 'Hie seeds are said to he viable 
for S years. "JVan.spIantation of ni ir.se ry-rai.sed one- 
year old seedlings or natural seedlings witJi 1-2 pairs 
of leaves found underneath older trees is preferred 
to direct sowing, (iermination percentage is about 
45 but only half the .seedlings survive idtimatcly. 
Intercrops of juaize and sugarcane can be grown in 
betwx'cn the rows of padauk and they help to keep 
down weeds ('IVoup, I, 283-86 ; Ganapathy & Ranga- 
rajan, Indian For,, 1964, 90, 758). 

'rhe rate of growth of natural padauk trees is 
rather slow^ but is fairly high in plantation.s. the 
mean annual girth increment being about 2.8 cm. It 
is one of the species recommended for cultivation in 


tea estates in the plains and foot-hills of North 
Bengal and Assam for supply of firewood. It coppices 
well and this power is retainetl to a great age. Fames 
fasltiosits Lev. attacks the heart wood of standing 
trees through bruised buttresses, and causes white 
pocket rot. A few other fungi also cau.se white rot 
of tile log.s. 'riie tree is also attacked by a large 
number of beetles j)r their larvae which liore into 
felled wood |Troup, I. 286 87 : Macalpine, Tochlai 
cA/). Sta. Mrniur., No. 24. 1952. 99 : Sujan Singh e/ al., 
Indian For., 1961, 87, 24S : Mathiir Balwant Singh. 
Indian For. Ball., N.S., No. 171 ( 7 ), 1959 . 7 ^|. 

The sapwood is grey, narrfiw, heart wood very 
variable in colour, through shades of light yellowish 
pink to u.sually gorgeous reddish with dark lines, 
darkening on expo.sure, dull to lustrous, broadly 
interlocked-grained, coar.se-t ex lured, strong, tough, 
bard and heavy (sp. gr.. 0.714: wt.. 721 kg./cii.m.). 
'rhe wood of the butires.ses is usually of excellent 
colour and beautifullv ligured and the tree often 
produce:; large burrs whose wood is also usually very 
beautiful. Yellowish or light-coloured wood, known 
as olT-colour padauk. has a lower market value. 
'Fbe limber air-seasons well without warping or 
.splitting. It will dry out fairly tpiickly. if carefully 
|)iled in open stacks under cover or in the .shade 
jillowing a good air-circulation through the stacks. It 
is ecpially amenable to kiln-seasoning which takes 
12-15 completion. In addition to initial 

steaming, it needs at least one intermediate steaming 
and another towards the end of drying at 55'^/t<x) 
per cent K.H. for about 1-4 hours. For high cla.ss 
work, the wood is subjected to moi.sture c(|ualization 
treatment in a kiln at about 55" /70 per cent R.H. for 
a day or two. The limber is very durable in the open 
or under cover, but is liable to attack by Teredo in 
contact with sea water. (Graveyard tests have shown 
a durability of over 23 years (Pearson & Brown, I, 
384-87 : "rroup, f. 277 : Trotter, 1944. 153 : Limaye 
& Sen, Indian For. Rec., N.S.. Tinib. Meeh., 1953, 1, 
96, 153 : Gamble. 259 : Rebman, Indian For., 1953, 
79, 3^9; Purushoibam et al., ibid., 1953, 79, 49). 

'Fbe W(M)d is not dillicult to saw or machine but 
due to interlocked-grain it takes more effort to bring 
it to a good finish. It can, however, he w'orked to a 
fine surface : it takes a good polish or wax finish after 
proper filing. 'Fhe data for its comparative suita- 
bility as limber, expressed as percentages of the 
same properties of teak, are: wt.. 105: strength as a 
beam, i<x>: stiffne.ss as a beam, 105: suitability as 
a post, 105 : shock-resisting ability. 100 ; retention of 
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shape, loo; shear, 115: and hardness, 130 (Pearson 
^ Brown, I, 387 : Trotter, 1944, 153 ; T.imaye, Indian 
For. Rcx\, N.S., Titnh. Mcch., 1954, 1, 58, Sheet 
No. 17). 

Padaiik'wood is highly valued for ornamental and 
decorative work, panelling, parcpietting, haliistrades. 
Pullman cars, ship cabins and saloons. It is especially 
suitalde for heavy carpentry such as billiard tables, 
counters, piano cases and musical instruments and 
high class furniture. It is used in cabinet-work, 
turnery, tool bandies, and for making ornamental 
hair-brush backs. It is also utilized for making gun 
carriages and wheels, ammunition boxes, Ixiats, carls, 
frames of btiggies, door frames, beams and pile work. 
It can be sawn or sliced or peeled in the veneer, and 
makes an attractive plywood. In the early days of 
aviation it was used for aircraft propellers, test fans 
and air .screws. It can be used as a stibstitute for 
mahua (Madhttca iudica) and sandan (Ougeinta 
nojrinmsls) for timber bridges (Pear.son & Browm, I, 
387 ; Trotter, 1944, 154, 199 : Gamble, 258 ; Sekbar 
& Bbartari, Indian For., 1964, 90, 767 ; Bhattee, ibid., 
1966, 92, 109: Masani & Ibijaj, ibid., 1962, 88, 750: 
Bhandari, Dvf. Sci. 1964, 14, 33 : Liinaye, Indian 
For. Rcc., N.S., Timh. Mcch., 1954, 1, 58 : Comp. 
Wood, 1956. 3 , 71 ; Howard, 435: Liinaye, Indian 
For. Rcc., N..S., Util., 1942, 2, 176). 

The wood contains a red pigment, santalin and a 
yellow flavonoid, santal, both of which also occur in 
P. santalinus (<|.v.). 'fhe hark and the heart wood 
con tain pterosti I bene (3.5^-d i met hoxy-4-stil lx*nol) 
which is reported to be toxic to the brown rot fungus, 
Coniophora ccrcbcUa Pers. The heart wockI yields 
pterocarpin (C|7H,,0-,, iii.p. 1^5°), ru|uiritigenin 
(7, 4'-dihydroxyflavanonc) and /.volicpiiritigenin 
(2, 4, 4'-trihydroxyehalkone). The last two have also 
been isolated from the sapwood, along with homo- 
pterocarpin (CijHmO,, m.p. 87 88°) (I.al & Dutt, Proc. 
nat. Acad. Sci. India, 1940, lOA, 73 ; Sawhney & 
Seshadri, /. sci. indust r. Res., 1956, 15C, 154 ; King 
ct al., J. chem. Soc., 1953, 3693). 

P. indicus Willd. non Baker M.xlay Padavk, 

Narra 

D.E.P., VI(i), 355 in part : C.P., 907 : FI. Br. Tnd., 
11 , 238 in part : Bor, 89 : Foxworthy, Malay. For. 
Rcc\, No. 3, 1927, 96. 

Tel. — Verravegisa ; Tam. — Vengai. 

A large, buttressed tree, up to 36.0 in. in height 
and 3.6 m. in girth, believed to be native of Malaysia, 
introduced and planted to a small extent in the 


Andamans, West Bengal, Madras and Maharashtra 
as garden and avenue tree ; it is distinguished from 
P. dalbcrgioidcs by its ovate leaves rounded to a 
blunt point and the less prominent veins, the panicles 
which arc almost all axillary, and the convex edge 
of the pcxl. 

The tree reipiires a deep well-drained soil and does 
not thrive on stiff clays. It is said to grow best in a 
tropical climate with an annual rainfall of over 
150 cm. It grows readily from .seed or cuttings and 
the rate of growth is said to be extremely rapid. It is 
said to be suitable for reafforestation and ornamental 
planting (Troup, I, 292-94 ; Foxworthy, Malay. For. 
Rcc., No. 3, 1927, 96). 

'Fbe wood is said to he moderately hard and heavy 
(wr., 625 kg./cu.m.) and yellow to red in colour. 
Wood of .some types of this species is said to have a 
scent similar to that of sandal wood. It can he air- 
seasoned without difficulty. It .should not he used in 
contact with the ground. It is ea.sy to work and takes 
a good finish and polish. It is a very good furniture 
and cabinet wood (Browne, 238 : Foxworthy, loc. cit. : 
Burkill, II, 1830). 

The wood is said to be used in the Philip[)ines for 
preparation of a red dye often used for staining light- 
coloured woods. It contains red colouring matters 
narrin and santalin, and angolensin. Narrin is a dark 
red amorphous powtfer which yields phloroglucinol 
and resorcinol on fusion with alkali (Brown, 1941, II, 
162 : Burkill. 11 . 1831 : Mayer & Cook, 151 : Bhrara 
ct al., Carr. Sci., 1964, 33 , 303). 

A decoction of the wood is given in dropsy and 
for stone in the bladder. 'Phe hark yields a kino 
similar to that produced by other .species of the genus. 
The kino is u.sed as an application for sores and a 
decoction of the bark or the kino is used for thrush 
and to arrest diarrhoea. The medicinal u.scs mention- 
ed, however, rei|uire further investigation (Quisuml)- 
ing, 427 : Burkill. If. 1830). 

'flu* seed is said to be emetic. An infusion of the 
leaves is said to make a hair-wash. Pounded leaves 
are used as sternutatory for bilious headache. The 
very young leaves and fragrant flowxTs arc eaten 
(Van Steenis-Kruseman, Bull. Org. sci. Res. Indonesia, 
No. 18, 1953, 30 : Burkill, II, 1830). 

P. marsupium Roxh. Indian Kino Tree, 

Malabar Kino Tree 

D.E.P., Vl(i), 357 : C.P., 908 : FI. Br. Ind., II, 239. 

Hindi — Bijasal, bija ; Bend. — Pitshal ; Mar. - 

Dhorbenla, asan, bibla : Guj. Biyo, hiradakhan ; 
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Tkl. — Vi-gi, peddagi ; TA^^. Vcngai : Kan . — IlamWy 
bangc ; Mal. — Vcnga ; Oriya — Ryusa, 

Tradk — BijasaL 

A modoratc’-sizccl to large dcciciiioiis tree, up to 
30.0 m. high and a girth of 2.5 in., with a straight 
clean hole, found commonly in hilly regions through- 
out the Deccan Peninsula, and extending to Gujarat. 
Madhya Pradesh, Uttar Pradesh, Bihar and Orissa. 
Bark grey, rough, longitudinally fissured and scaly; 
hlaze pink with whitish marking.s, older trees exud- 
ing a hlood re.d gum-resin: leaves imparipinnate : 
leaflets usually 5-7, ohlong : flowers in large panicles, 
yellowish, fragrant : pods orhiciilar, flat, winged, up 
to 5 cm. in diam. : seeds 1-2, convex and bony. 

The tree is found in deciduous forests both on un- 
dulating and flat ground and grows on a variety of 
formations, provided the drainage is good. It prefers 
a soil with a fair pro|)ortion of sand, though it is 
often found on red loam with a certain amount of 



FIG. !09— PTEROCARPUS MARSUPIUM— FI.OWORING AND 
FRUITING BRANCH 


clay. The normal rainfall in its natural habitat 
ranges from 75 to 200 cm., hut it attains its largest 
size in parts of Mysore and Kerala, where the rainfall 
is even higher. It is a moderate light demander, and 
the young seedlings are frost-tender. It coppices 
fairly well, hut is found tt) |K)llard heller : it produces 
root suckers sparingly. It is planted as a shade tree 
in coffee estates in South India and is recommended 
for planting in tea estates of West Bengal and Assam 
(Troup, I. 268, 270; Induni Coffn\ 1955, 37 * 

Macalpine. Tocklai rxp, Sta. Mewor., No. 24, 1952, 

I(X>). 

Natural reproduction is through seeds : the early 
development of seedlings is favoured by shelter from 
the sun and a loose soil clear of weeds. Seedlings may 
show little stem development or may die hack annu- 
ally for .several years hut ultimately shoot up after 
they have developed a long stout tap root. Measures 
stimulating natural reproduction are exclii.sion of fire 
and grazing, hoeing the soil where .seed-hearers arc* 
present, and gradually freeing the young plants from 
the overhead cover (Troup. I, 270). 

Artificial reproduction is through seeds. Whole 
pods are sown and germination can he hastened by 
cutting acro.ss their ends and then soaking ihem in 
water for a few days prior to sowing. Stump jilanting 
of one-year old plants raised in the nursery is said to 
give good results. Seedlings may also he raised in 
liatnhoo baskets for |)laniing out. Direct .sowings are 
also siicces.sfiil. Plantations are worked either by 
.selection fellings or by coppice system with or with- 
om standards. The rate of growth is fairly rapid with 
a mean annual girth increment of up to about 3.8 cm. 
The tree is attacked by a number of in.sects, mostly 
defoliators, and some fungi which cause rotting of 
the w'ood |Troup, I, 27(v-7i : Mathiir & Bahvant 
Singh, !ndiau For. Bull., N.S., No. 171(7). 1959. 79; 
Bagchee & Singh. Iiidiuti P'or. Rn., N.S., M\iol., 
i9.S4*^2SSj. 

This tree yields one of the most important timbers 
in peninsular India. The .sapw'ood is pale yellowish 
while or w'hite, narrow ; hearlw'ood, golden yellow'ish 
hrowTi with darker streaks, staining yellow when 
damp and turning darker on exposure, broadly inter- 
loeked-grained, medium coarse-iexiured. strong, 
lough, very hard and moderately heavy (sp. gr., 
0.796; wt., 801 kg./cu.m.). The wood is medium 
refractory and air-seasons wcW without splitting, 
warping or developing surface cracks to any appre- 
ciable extent. I’he heartwood, which is often unsound, 
should he Iwxed during conversion to prevent split- 
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ting. The logs should be converted green and stored 
under cover. The best results, however, are obtained 
by converting green logs into planks and scantlings, 
immersing them in running water for 6 weeks or in 
stagnant water for 4 months, followed by seasoning 
under cover for a year. 'I'his results in removing the 
slain and producing a timber similar to that of 
Dalhrrfrui sissoo in appearance. It takes 16-20 days 
for kiln-seasoning and needs slow and careful drying, 
'riie timber is fairly durable in exposed positions and 
very durable under cover : graveyard tests have shown 
a durability of 22 years and over at Debra Dun 
though some tests elsewhere are said t*) indicate a 
shorter life |)criod (Pearson & Brown, I, yj 2 -ijs ; 
liimaye & Sen, Imlian For. Rcc., N.S., Timh. Mccli., 
1953, 1 , 96 ; Trotter, i(;44, 13, 155 ; Rehman, Indian 
For., 1956, 8Z| 252 ; Purushotham ct al, ibid., 1953, 
79 , 49 : Prasad ct aL, ibid., 1964, 90 , 32). 

The wood is easy to saw but rather difficult to work 
to a good finish. Jt machines well and takes a good 
surface, hut recpiires a considerable amount of filing 
and lakes a lasting polish. The data for its compara- 
tive suitability as timber, expressed as percentages of 
the same properties of teak, are: wt., 115: strength 
as a beam, 105 : stiffness as a beam, <95 ; suitability as 
a post, 95; shock-resisting ability, 135; retention of. 
shape, 75; shear, 115; and hardness, 135 (Pearson 
Brown, I, 395 : Limaye, Indian For. Rcc., N.S., Timh. 
Mech., 1954, f, 58, Sheet No. 17). 

TJie timber is chiefly used for building purposes, 
as doors, window frames, rafters, beams and posts and 
as a substitute for teak after suitable .seasoning and 
treatment. It is used in the construction of railway 
carriages. wag<»ns. carts and boats, and occasion- 
ally for .ship building : it is also used ff»r railway 
sleepers, electric transmission poles and pit-props in 
mines. It is emplcjyed for a variety of other purpo.ses 
such as agricultural implements, drum.s, tool handles, 
camp furniture, mathematical instruments, picture 
frames, combs, cheap guns, sport rifles and parts of 
textile-looms. It is found suitable for chipbcxirds, and 
carving, jennery and cabinet-work, ft can also be u.sed 
in the building of limber bridges | Pearson & Brown, 
I, 3CJ5 : Trotter, i<;44, 155, 21 1, 215 16, 220, 222, 226; 
For. Ahatr., 1950, 11 , 536: /. Timh. Drycr.s' & Fres. 

India, 1956, 2 (i), 22 : Narayananiurii & Jain, 
Rt\s. t'V Ind.9 1C963, 8 , 4: IS: 399-1952; Masani & 
Bajaj, Indian For., IC962, 88 , 750I. 

Mixed with other woods it can be utilized in the 
manufacture of pulp for wrapping paper, ft is used 
as a fuel ; calorific value: .sapwood— 4,904 cal., 8,826 



Ih hra Dnn. Photo : Hamesh Ruo 

MCJ. IIO-PTljROCARPliS MARSI PILM -THANSVliRSli SbClION 
OF W(X >0 (xlO) 


B.l.ii. ; beariwood 5,141 cal.. 9,255 B.t.ii. (Ouha, 
Indian For., i(/)i, 87 , 19^ : Krishna Ramaswanii, 
Indian For. Bull., N.S., No. 79, 1932, 21). 

The bark contains / e])icaiechin and a ri'ddish 
brown colouring mailer, riu- bark is occasionally 
employed for dyeing. I’be beariwood yields licpiiriti- 
genin. /.s'o]i(|uiriiigenin, a neutral unidentified compo- 
nent (m.p. 160"*), alkaloid (0.017";,) resin (0.9";,). 
'I’hc wood also contains a yellow colouring matter 
(0.25”,,) and an essential oil and a semi-drying fixed 
oil (0.527..) (Sawhney iil: Seshadri, /. sci. indnsir. Res., 
1CJ56, 15 C, 154 : Bose cl al., /. Indian clicm. Soc., 
induslr. Fdn, 1C955, 18 , 1.13 : Bbargava, Proc. Indian 
Acad. Sci., 1(^46. 24 A, 496. 501). 

The tree yields a gum-kino which exudes when an 
incision is made through the bark up to the cambium. 
The exudate is collec ted and dried in the sun or shade 
and yield of dried gum is reportc'd to be c. 340 g. 
per tree. The gum is said to be obtainable in large 
c'ominercial c|uantiiies though reliable figures of 
supplies are not available. Extraction of the gum is 
not encouraged in .some areas as it is believed to have 
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an unfavourable effect on the timber (Puntanibekar 
& Baira, Indum For, Lcafl., No. 44, 1943, 5 ; Krishna- 
inurri Naidii, 143 : Information from the Chief 
Conservator of Forests, Mysore). 

Kino is included in l.P.C. and was oHicial in certain 
Kuropean pharmacopoeias up to 1947. It occurs in 
small (3-5 mm.), angular, glistening, hriltlc frag- 
ments, appearing almost black in colour, but the 
edges when viewed by transmitted light arc seen to 
be ruby-red and transparent. It is odourless and bitter 
with astringent taste and colours saliva pink when 
masticated. Kino contains a iion-ghicosidal tannin 
kinotannic acid (25-8070), kinoin (C^2sHa,Oia) and 
kino-red (CanHaaO,,), in addition to small (|tiantities 
f)f catechol (pyrocatechin), protocatcchuic acid, resin, 
pectin and gallic acid. Kino-red is the anhydride of 
kinoin, which is a phlohaphene produced from kino- 
tannic acid by the action of an oxidase enzyme 
present in the kino. The therapeutic value of kino is 
due to kinotannic acid, which forms 70-85 per cent 
of the drug of good (piality. Kino is powerfully 
astringent and was formerly used widely in the treat- 
ment of diarrhoea and dysentery. It is locally applied 
in leucorrhoca and in passive haemorrhages. It is also 
used for toothache. Kino finds application in dyeing, 
tanning and printing and is of potential use for the 
paper industry (I.P.C., 133; Kirt. & Basil, I, 828; 
U.S.I)., 1955, 1730: Hocking, 1S3 : Wallis, 446; 
Wren, 196 ; Trease. 387 : Puntambekar & Batra, loc. 
cit.). 

'riie bark is used as an astringent and in toothache. 
'I'he flowers arc said to be used in fever. The bruised 
leaves are considered useful as an external application 
for boils, sores and skin diseases. The leaves make an 
excellent fodder and are valuable as manure in are- 
canut plantations. The analysis of the leaves is as 
follows: moisture, 78.8: mineral matter, 7.5; 
nitrogen, 2.5 ; potash, 2.5 : and phosphoric acid, 0.470 
(Sonde, Arccan. Bull., 1955-56, 6 , 78). 

An a(]ueous infusion of the wood is said to be of 
use in diabetes and water stored in vessels made of 
the wood is reputed to have aniidialK’tic (pialities. 
Tests on mice and rabbits with alcohol and aqueous 
extracts of the heart wood are said to have shown 
hypoglycaemic action, probably l)y hindering the alv 
sorption of glucose in the intestine ^rotter, 1944* 
156; Ojha el al., Indian J. Plumn., 1949, 11 , 188; 
Gupta, Indian /. med. Res,, 1963, 51 , 716 ; Shah, ibid., 
1967, 55 , 167 ; Joglekar et al, Indian J, Physiol, 1959, 
3, 7(^. 


P. santalinus Linn. f. Rkd Sanhers, 

Rki> Sand.ai. W(K)i> 

D.E.P., VI(i), 359 ; C.P., 909 ; FI. Br. Ind., II, 239. 

Hindi & Bhxc;.- -Raktacliandan, lalchandan ; Mar. 
—Tambada chandana ; Giq. — Ratanjali ; Tel. — 
Agarugandliamu, rakta gandhamu, yerra clianda- 
namn ; Tam. sivappu ehandanam ; Kan. — 

Agaru, honne, kempugandha chekke ; Mal. — Patran- 
gam, tilaparnni ; Okiy\ -Raktacliandan. 

Tram:— Red Sanders, 

A small to mcdium-.si/.ed, deciduous tree, up to 
lo.o-ii.o m. in height and 1.5 m. in girth, restricted 
to parts of Andhra Pradesh, particularly Cuddapah 
district and neighbouring areas of Madras and 
My.sore States at altitudes of 150-900 m. Bark 
blackish brown, deeply cleft into rectangular plates, 
and exuding a deep red juice when cut : leaves usually 
imparipinnate : leaflets 3, rarely 5: flowers yellow, 
ill simjile or sparingly branched racemes : pods 
c. 5 cm. in diam. including the wing, ihc central hard 
and long portion containing the seed ; seeds reddish 
brown, smooth, leathery. 

Red Sanders has a very restricted natural range 
and grows typically on dry, hilly, often rocky ground 
and is occasionally found growing on precipitous 
hillsides. It retpiires perfect drainage, and is found 
mainly on gravelly soil on formation of gneiss, quart- 
zite, shale or laterite, growing particularly well on 
lateritii: soil : it has also been planted successfully on 
rich alluvial ground. It cannot withstand watcr- 
logging. In its natural habitat, the tree experiences 
a comparatively hot, dry climate, with a normal rain- 
fall of about 88-105 r^'^'^ived from both the 
North-east and South-west monsoons. It is a strong 
light demandcr anil does not tolerate overhead shade 
and is fairly fire-hardy. In South India, the tree is 
planted as a wind-break around citrus orchards. It is 
also recommended for gardens and avenues [Troup, 
I, 273 : Katyal, Indian Fmg, N.S., 1956 57, 6(1), 36]. 

Natural regeneration through seeds is profuse and 
the conilitions required for successful regeneration 
are similar to those for P, marsupnim. For artificial 
reproduction, one-year old seedlings are transplanted 
from the nursery into bamboo baskets and then 
planted in prepared pits during rains at a spacing of 
3*5~4-5 growth is slow with mean 

annual girth increments of 1. 3-2.0 cm. The tree grows 
to some extent from ctittings, provided these are 
irrigated regularly. It coppices very well and produces 
root suckers freely. For regeneration of forests, a 
simple coppice system with a rotation of 40 years is 


21 



PTEROCARPUS 



/•'.W./., th'lira Dun. Photo : Rtnncsh Ruo 

KIG. lIl-PrEROCAKPLIS SANTALINUS— TRANSVERSE SECTION 
OF WOOD (xIO) 


lu-ing followni, h\i\ she* Iter- wood system has been 
recommended as more suitable (IVoup, T, 275 ; 
Ramakrishna. Indimi Far., 1962, 88 , 202). 

rhe sapwood is white ; heartwood, clarei-piir|)le 
with streaks, or purplish black or almost black, dull, 
interlocked-grained, medium line-lextured, very 
slronji;, extremely hard, very heavy (sp. gr., 1.109; 
wi., 1,105 kg./cu.iii.) : the wood is heavily impreg- 
nated with reddish-brown gum and contains a red 
dye, santalin, for which it has been valuetl in the past, 
'riie timber seasons well and is highly refractory. It 
is immune to white ants and other insects and does 
not re(|uire antiseptic treatment (Pearson brown, I, 
596, 59S : Limaye Sen, hid Ian For. Rcc„ N.S„ 
Tiinh. Mrch., 1953, I9 96). 

The timber is diflicult to saw in the dry state. It 
works, however, well with hand tools. It takes a high 
and lasting polish, hut recpiires care to bring to a 
smooth surface. The data for the comparative suit- 
ability of the timber, expressed as percentages of the 
same properties of teak, are; wt., 165; strength as a 
beam, 135: stiffne.ss as a beam, no; .suitability as a 


post, 135; shock-resisting ability, 140: retention of 
shape, 100 : shear, 200 ; and hardness, 270 (Pearson 
& Brown, I, 398 ; Limaye, hidian For, Rcc., N.S., 
Timh. Mccli., 1954, 1 , 58, Sheet No. 17). 

The timber is highly prized for hou.se posts. It is 
al.so used for agricultural implements, for poles, shafts 
and bent rims of carts and for picture frames, boxes 
and other joinery purpo.ses. Small pieces arc carved 
into dolls and images. It is exported to Japan where 
it is used in tlie manufacture of a musical instrument 
called Shami.sen : for this purpose, timber with a 
wavy or rippled grain fetches fancy price as it 
produtes resonance par excellence, hut the wavy 
grain is a freak, and it is not possible to identify such 
trees externally. The wood yields excellent charcoal, 
and fuel of the best (|uality is obtained from diseased 
and crooked trees (Pearson ^ Brown, 1 , 398-99 ; 
(Tamble, 260 : Ramakrishna. loc. cit. : Whitehead, 
hidian For. Bull., N.S., No. 34. 1917. i)- 

Red Sanders wood contains 16 per cent of 
a red colouring marier .santalin |.santalic acid, 
C.,„I I,,j(),.(OCH;,),| posse.ssing a (piinonoid .structure. 
Santalin yields a blood red solution with alcohol, 
yellow with ether and violet with ammonia and 
caustic alkalies, but is insoluble in water. The wood 
also contains desoxysantalin (C-a„l li.J^,) supposed to 
be a naplilha(|uinonoid derivative, the yellr)w isofla- 
vone santal. and two unidentilied pigments A and 
B, besides three colourliss substaiues. viz. pteroslil- 
beiie. phrocarpin (0.25".,) and homoi^terocarpin 
(o.2'>’o). Pterostilhene is toxic to the brown fungus 
Conio[)liora crrrhrlla. The ground wood was (hielly 
u.sed for dyeing wool, cotton and leather and for 
staining other woods. Roots and stum])s were also 
u.sed for the puipose. The dye is also used for colour- 
ing pharmaceutical preparations and foodsiulTs and 
is .suitable for colouring paper pulp. A histological 
stain has been prepared from the alcohol-.solidde 
fraction of the heart wood. 'Phe hark is sometimes 
used in the curing of arecanuts (I.P.C.. 210 : Wehmer, 
I, 552 ; Lai, Proi'. ual. Acad. Sci. India, 1939, 9 , 83 : 
Wi.se & Jahn. I, 633 ; Sawhney & Seshadri, /. sci, 
indust r. Res,, 1954, I 3 B, 6 : Mayer &: C^ook, 147 ; 
Hoppe, 749: King. Client, hid., 1953, 1325: 

Cameron, 95: U.S.l)., 1955. Perfinu, esseni. 

Oil Rev,, 1962, 53 , 628 : Puntamhekar & Batra, hidian 
For, Leaf!,, No. 44, 19-13, 7 : Sen Cupta & Chakravarti, 
Bull, Calcutta Sell, trop. Med,, 1961, 9 , 52). 

Red Sanders wood is considered astringent, tonic, 
anti iliaphorctic. A ])aste of the wood is used as a 
cooling external application for inflammations and 
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TABLE 1-FXPORT OF RED SANDERS WOOD POWDER 
(Qty in kg. and Val. in Ks.) 


Yriir 

Qty 

Val. 

1962 63 

lS,.t82 

8,25.S 

1963-64 

2l),.S66 

15,271 

1964 6.S 

I07..t07 

57,117 

I96.S 66 

5.926 

11,492 

1966 67 

2.025 

2,657 


headache. It is said to he useful in hilious afl’ecfions 
and skin diseases. A decoction of the fruit is used as 
an astringeni tonic in chronic dysentery (I.P.C.. 210: 
Kilt. & Basu, 1 , 826). 

Leaves are used as caiile fodder (Cameron, 96). 

Large (juantities of Red Sanders wood ari* said to 
have been exported regularly from this country to 
Kurope where it was employed for exiraction of dye 
but the demand for the wood declined towards the 
end of the 19th century with the increasing use of 
artificial dyes. Small (piantities of Red Sanders wood 
powder are, however, exported and the chief import- 
ing countries are Japan, Hongkong, (Germany and 
Ceylon (Tal)le i). Some (|uantities of the wood 
(ill cu.m, valued at Rs. 317,163 in 1965-66 and 
107 cu.m, valued at Rs. 276,769 in 1966-67) were 
exporied mainly to Japan. 

^PTEROCOCCUS Ilassk. {FMphorhiaccac) 

FI. Br. Ind., V, 464 : FI. Assam, IV, 223. 

A very small genus of twining, woody shrubs or 
undershruhs, with one .species di.strihuied in Asia and 
two others in Africa. 

P. coniiculatm Pax & HofTiii. syn. Plukcnrtia 
coniictdata Sm. is a slender climber with ovate-oblong 
leaves, 5-10 cm. long and 2-5 cm. broad, reported 
from Sikkim Himalayas and upjier Assam, extending 
up to "renasserim and Malacca. It bears flowers in 
slender racemes, and has 4-winged capsules. Leaves 
have a sweet taste and smell of elder (Savihucus 
sp.), and are said to be used as vegetable in Sumatra 
and Malaya : they contain 5.6 per cent protein (on 
fresh wf.) (Rurkill, TI, 1833 : Terra, Bull. R. trap, Inst., 
A nisi.. No. 283. 1964). 

PTEROCYMBIUM R. Br. {Strrailiaccar) 

A small genus of trees distributed from Bunna 
and Andaman Islands to the lMini|)pines and New 
Guinea. One species occtirs in India. 

• 'Lhis gt'inis is incliiclrd l)y some holani.sts in Mukenetia Linn, 
distributed in tropical America. 


P. tinctorium Merrill syn. Stercnlui aimpanulald 
Wall, ex Ma.st. 

IXE.P., VI(3), 361 : FI. Br. Ind., 1 , ^62 ; Brown, I, 
PI. XXVII. 

Trade Prt/w7r/. 

A large tree, up to 40 m. in height and 3 m. in 
girth, with a straight cylindrical bole, up to 30 m. in 
length, found in Andaman and Nicobar Lslands : 
it has also been successfully introdticed in the west 
coast. Bark greyi.sh, patchy; leaves 1*^15 cm. x 7.5- 

12.5 cm., broatlly ovate-cordate ; flowers in panicles, 
belkshaped. yellowish green : follicles membranous, 
boat-shaped : .seeds globose. The tree is common in 
deciduous forests, often occurring gregariously : it is 
grown al.so in plantations in Andaman Lslands. 

Natural regeneration of pnpila is usually regarded 
as adequate. It is artilicially propagated by seeds, 
which when .sown in irrigated beds during dry season 
germinate in seven days : germination percentage is 90 
Init survival percentage is Viability of seeds is 

low and only fresh seeds, not more than two months 
old, germinate well. Seeds preserved in charcoal, 
however, seem to remain viable for about 6 months. 
Seedlings have a fast rale of growth and attain a 
height of i.S-2.7 m. in one year and 4.5 6.0 m. in 
two years. 1'’ransplanting is best done with basket 
.seedlings when they arc only a few months old and 
not more than 75 cm. in height : survival percentage 
is as much as 45. The tree is a light demander. In the 
Andamans, it is u.sually grown in mixed plantations 
{Indian For., 1952, 78 , 274 : Ganapathy & Rangarajan, 
ibid., 1964, 90 , 758). 

The tree yields a useful, light, soft timber, which is 
in con.siderable demand. Wood, uniformly creamy- 
white in colour; .sapwood and heart wood not dis- 
tinct : straight-grained, even- and coarse-textured, very 
soft and light (sp. gr., c. 0.33 ; av. wt., 336 kg./cii.m.). 
It is easy to .sea.son. but reipiires (|uick drying, l^ogs 
should be converted absolutely green immediately 
after felling during dry weather, and .sawn material 
o|)en-stacked vertically, alh)wing free circulati*)n of 
air. Kiln-seasoning, however, gives the best results : 

2.5 cm. thick planks rake 4-5 days to season and 
rec|uire an initial steaming for about 2 hcnirs at 55” 
and i(M> per cent R.H. for sterili/.alion. Papila wood is 
very perishable and liable to fungal staining and 
in.sect attack. If properly seasoned anti treated with 
preservatives, it can. however, last well under cover. 
It is very easy to saw and work both by hand and 
by machine : when planed on the (piarter, it works 
up to a brilliant shiny surface. The data for the com- 
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parativc suit ability of papila timber, cxjrrcssed as 
percentages of the same properties of teak, are: 
weight, 45 ; strength as a beam, 45 ; stillness as a 
beam, 50 : suitability as a post, 45 ; shock-resisting 
ability, 40 ; retention of shape, 80 ; shear, 65 ; and 
hardness, 25 (Pearson & Brown, T, 152 53 ; Trotter, 
1944, 163; Indian Woods, I, 213: Rehinan, Indian 
For. Bull., N.S.y No. 170, 1953, 4 : Liniaye, Indiati For. 
Rn\, N.S., Timh. Mech., 1954, I, 60, Sheet No. 19). 

The wood is used mainly for match-boxes and 
splints, light packing cases and rafts. It is suitable for 
planking, laminated and insulation hoards and for 
toys. In the Philippines, it is reported to be used also 
for fish net floais, wooden shoes and hats. Papita wood 
has been found to he suitable for the manufacture of 
newsprint and writing and printing papers. Analysis 
of the wood gave the following values (oven-dry basis): 
cellulose (Cross & Bevan), 59.50 ; pentosans, 15.51 ; 
lignin, 23.83 ; and ash, i.or.'o. On employing suitable 
grinding conditions, the w(kk1 yielded mechanical 
pulp suitable for newsprint. Digestion of the wood by 
the sulphate process (caustic soda and sodium 
sulphide in the ratio of 2 : i ; total chemicals, 22 or 


24% on oven-dry raw material) for 5 hours at 153® 
gave pulps (yield of bleached ptdp, 48% ; av. fibre 
length, 1.49 mm.) suitable for the production of 
writing and printing papers. Admixture of bamboo 
bleached pulp (32%) is reported to improve the 
strength properties of the papers. Bark is used for 
making ropes in the Philippines. It contains 10 per 
cent tannin. Bark and fruits are reported to be 
poisonous. The tree yields a gum resembling gum 
tragacanth (Trotter, 1944, 163-64 : Indian Woods, I, 
213; Desch, 1954, 577; Burkill, II, 1834; Bhat & 
Virmani, Indian For., 1953, 79, 169; 1952, 78, 222; 
Brown. 1941, II, 442 : Raens cl al., Philipp. J. Sci., 
'934. 55 , 177). 

PTEROPSIS Desv. (Pol\podiaccac) 

Copeland, 194 ; Nayar, Bull. nat. bol. Gdns, 
Lucknow, No. k^, 1964, Fig. 29-30. 

A small genus of epiphytic ferns distributed from 
Malagasy to the Solomons. While dealing with 
Drymoglossum for the Wealth of India, Vol. Ill, 114. 
the genus was referred to Ptcropsis Desv. following 
Copeland. Since then, the genus Drynioglossum Presl 
has been conserved against Ptcropsis Desv., as the 
latter genus has been shown to include five dillerent 
genera according to modern views. The Indian species 
DrytnofrlossufU caruosum (Wall.) Sin. is considered 
a synonym of Lemma phyUuni caruosum (Sm.) 
Presl. 

Lcm7naphyUu7ti caruosum is an epiphytic fern 
found in Nepal, Sikkim and Bhutan, at altitudes of 
600-1,500 m. It is reported to be medicinally useful. 
The fronds possess pectoral, diuretic and astringent 
properties. In China, they are used in urinary calculus 
and rheumatism. They are apjdied as poultices on 
swellings of legs and also to cure infection of nails 
(whitlow) and animal bites. A decoction of fronds is 
administered internally to stop haemorrhages (Cains, 
/. Bombay nal. Hist. Soc., 1935-36, 38, 354 : Crevost 
& Petelot, Bull. ccon. Indoch., 1935, 38, 115). 

PTEROSPERMUM Schreb. (Slerculiaccac) 

A small genus of trees and .shrubs distributed in 
tropical Asia. About 12 species occur in Itkiia, all of 
them yielding timber more or le.ss very similar in 
weight and hardness, and hardly distinguished from 
one another for economic purpo.ses. Many of these 
species are planted for ornament. 

P. acerifolium Willd. 

D.E.P., VI(i), 362: FI. Br. Ind., I, 368 in part; 
Kirt. & Basil, PI. 150. 
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riCi. Ill— PTI-KOSPrUMlJM ACiFRIFOMUM— FLOWERlNCi BRANCH 
AND FRUIT 


shadc-hcarcr and fairly frost hardy. The tree coppices 
well and produces root suckers in ahundance. Natural 
regeneration is by l)oth seeds and root suckers. 
Artificial propagation can he done through trans- 
planting the nursery-raised seedlings, when they are 
about 7.5 cm. in height ; direct sowings, properly 
weeded and watered, produce better results. Stump 
planting has also proved successful. The rate of 
growth is rapid ; weeded and irrigated sowings in 
Debra Dun showed a height growth of about 1.8 m. 
per annum (Troup, I, 1^-62 ; Kadamhi & Dahral, 
Inditm For., 1955. 81 , 129). 

The sapwood is pale white : heartwood light pinkisli 
red, turning a little darker on exposure, rather 
lustrous, even- and somewhat interlocked-grained, 
fine-textured with fine inconspicuous ripple marks, 
soft to moderately hard and light to moderately 
heavy (sp. gr., 0.598 : wt., 593-761 kg./cu.m.). The 
timber is not durable in the open, hut fairly so under 
cover : graveyard tests show an average life of about 
two years. It is very liable to insect attack, hut is only 
partially treatable. The timber seasons well with care 
and has only a slight tendency to develop surface 


1 liMH — Kauak-champa, kanutr, katlui<'lun}ipa, 
muchkimd ; Bk.nt;. — Kauak-champa, muskunda ; 
Tki,. Matsu kanda ; Okiva Katiako chauipa. 

Jai’nsar Maycn^ ; /\ssam - Hatipealu, morra, 
morafros ; Kiiasi —Dkng-khong-sxvct, diengdharo- 
tnasi ; Lr.siiAr — Waisip-ihinfr ; Nkpal — Hattipaila ; 
Lkpiiiia Nuuihnn^. 

Tkadk Hat/iipaila. 

An evergreen tree, up to 24.0 ni. in height .ind 
c. 2.5 m. in girth, w'irh a clean hole up to 12 in., found 
in the suh-Himalayan tract and outer valleys from 
Yamuna eastwards to West Bengal, and in yXssam 
and Mani|)ur. up to an altitucle of c. 1,200 m., 
extending southwards into Ramnagar hills of Bihar 
and in western glials of Konkan and North Kanara ; 
it is also common in the Andamans. Bark greyish 
brown : leaves variable in si/e and shape, 25-35 ^ 

15-30 cm., entire or variously lohed, oblong, cordate 
or sometimes peltate: flowers large, 12-15 cm. in 
diam.. axillary, solitary or in pairs, white, fragrant ; 
capsules oblong, 5-angleil, dark brown, woody ; seeds 
winged, brown. 

The tree is found in a variety of situations, such 
as swamp forests of Debra Dun, evergreen rain 
forests of North Kanara and along the river banks 
in the suh-Himalayan tract. It is also commonly 
planted in gardens and avenues. It is a moderate 
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cracks. Green conversion, followed by stacking under 
cover and protection from the direct sun gives satis- 
factory results. The timber is usually sawn green and 
presents no difficulties. It is easy to work, Ixub by 
hand and on the machine, and to turn and peel. It 
iinishes to an excellent surface, taking a fine polish. 
I’he data for the comparative suitability of the timber, 
expressed as percentages of the same properties of 
teak, are : wt., 90 ; strength as a beam, 85 ; stiffness 
as a lieam, 85 ; suitability as a post, 85 ; shock- 
resisting ability, 125; retention of shape, 80; .shear, 
105 ; and hardness, i(m> | Pearson & Brown, I, 160-61 ; 
Limaye & Sen, Indian For. Rcc., NS., Timb. Mcch., 
1953, I 9 96 ; Purusbotbam ct al., Indian For., 1953, 79, 
49 : Mathiir & Balwant Singh, Indian For. Rtdl., 
N.S., No. 171(7), 1959, 82 ; Limaye, Indian For. Rcc., 
N.S., Timb. Mcch., 1954, 1 , 58, Sheet No. 17J. 

The supply of this timber is mainly from Assam. 
The timber is ii.sed for planks, packing cases and 
turnery ariicles. It is suitable for veneers, plywood 
for general use, constructional work, panelling, 
bridges, boats, tool handles, box shooks and matches 
and match-boxes, it is a pretty and moderately good 
bending wood and is used for furniture, toys, walking 
sticks and other ornamental articles. It has also been 
recommended for mathematical instruments and 
briLsh backs (Pearson & Brown. I, 161 ; Trotter, 1944, 
219, 229 ; Limaye, loc. cit. ; Upliof, 300 ; Rodger, 47 ; 
IS: 399-1952 ; Rehman ct al., Indian For., 1956, 82, 
469). 

The flowers arc sharply bitter and acrid in taste, 
and render water mucilaginous. They arc .said to be 
rich in carbohydrates, and may be eaten. They are 
used as a general tonic and occa.sionally as a cure for 
blood troubles, inflammation, ulcers, tumours and 
leprosy, and al.so employed as an Insect repellent and 
disinfectant. In Konkan, the flowers and bark arc 
charred and mixed with kamala powder from 
Mallotiis phiUl)l)cnsis for application to small-pox 
eruptions. The flowers are smoked along with tobacco. 
The leaves are used as platters and for thatching huts 
and packing tobacco (Kirt. & Basil, I, 375 ; Burkill, 
1835 ; Bressers, 13 ; Benthall, 58). 

"rhe seeds yielil 22.6 per cent of a pale yellow oil 
with the following characteristics : , i .4660 ; .sap. 

val., 191.6; acid val., 12.2; and iod. val., 87.8. The 
oil gives Halphcn reaction | Krishna ct al., Indian For. 
Rcc., NS., Chem., 1936, l(i), 29]. 

P. canescens Roxb. syn. P. snberifolium I^m. non 
Roxb. 


1 ).K.P., Vf(i), 362 ; FI. Br. Ind., I, 367 ; Kirt. & 
Basil, PI. 149. 

Hindi, BexNg. & Mar. — Muchkand ; Tva.. -Tada, 
naradn, lolagu, potliadi ; Tam. Scmpulavu, tliadci ; 
Oriya — Raclo, giringa. 

A small to medium-sized tree, found in the forests 
of northern Circars, Mysore and Madras, a.scending 
to an altitude of c. 9rx> m. ; it is occasionally planted 
in West Bengal. Bark greyLsh, smooth ; leaves oblong 
or obovate-oblong, coriaceous ; flowers 1-3 on each 
axillary peduncle, white or yellowish white, fragrant ; 
capsules ovoid-oblong, sub-angular, tapering at both 
ends, woody, white-velvety : seeds 2-4, winged. 

The tree has a fast rate of growth with an annual 
girth increment of about 5.8 cm. The wood structure 
is grossly the same as that of P. accrifolium. It is light 
red, very tough, moderately hard and heavy (wt., 577 - 
641 kg./cti.m.). It is ii.sed for cart.s, gun-stocks and 
packing cases and as fuel (Gamble, loi ; Lewis, 65). 

The flowers are bitter in taste and render water 
mucilaginous. They are made into a paste with rice 
and vinegar for application in hemicrania. A paste 
prepared from the leaves is al.so used in headache. 
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The bark and flowers, like those of P. acerifolium, 
arc charred and mixed with kamala powder for use 
on small-pox eruptions. The l)ark is used to clarify 
the syrup in jaggery making. The fruits arc made 
into a jam (Kirt. & Basil, I, 374 : Rama Rao, 49 ; 
Atifw. Rep, Indian cent. Sugarcane Conwi,, No. 16, 
1961, 66 ; Krishnamurthi, 135). 

P. diversifolium Blume syn. P. glahrescens Wight & 
Arn. 

FI. Br. Ind., I, 367, 369 ; Corner, I, Fig. 227, 228. 

Tam. -A/oo/t, vatta pulavu ; Mal. — Pambarom, 

A medium-sized, fast growing tree, up to 21.0 m. 
in height and 1.5 m. in girth, met with in the forests 
of the western ghats at low elevations ; also planted 
in gardens. Leaves broadly elliptic to obovate, up to 
24 cm. long, coriaceous : flowers solitary or in pairs, 
axillary, white, fragrant ; capsules woody, 5-anglcd. 

The sapwood is dirty white and heartvvood is 
not sharply demarcated from it : heartvvood light 
drab or purplish, slightly cross-grained, moderately 
iinc-texiured, moderately strong and hard, tough and 
heavy (sp. gr., 0.665 ; wt., 465-702 kg./cu.m.). It 
seasons well with little degrading, works easily and 
takes fine finish. 1"he timber does not seem to be much 
utilized in India. In the Philippines, it is considered 
durable for interior work and is used for building 
construction, furniture, tool handles, vehicle shafts, 
household and agricultural implements, turnery, and 
combs. It is also used for parts of bullock carls, and 
for rice pounders. In Java, it is said that the timber 
is excellent in contact with water and is used for 
bridges, boats and oars and parts of houses in contact 
with the soil : in the Philippines, however, the wood 
is not credited with such durability. The wood yields 
a pale yellow-brown pulp, which can be easily 
bleached and converted into a paper of silky appear- 
ance ; preparation of the pulp, however, needs drastic 
treatment (Desch, 19^4, ^78-79 • Gamble, 102 ; 

Burkill, II, 1835). 

The bark is chewed with betel leaves as a mastica- 
tory. In the Philippines, the bark is cut up and boiled 
and used for dyeing fishing nets and cloth. The bark 
of the root is said to act as a fish-poison (Burkill, II, 
< 835 - 36 )- 

P, lanceacfolium Roxb. (liKNo. - Brtn halla ; Assam 
— Bon-nahor, bon bagurt ; Khasi — Dieng-nor-sha, 
dieng-pen-swang ; Nepal — Singani ; Lusiiat — Sakhi- 
pelhnam) is a small to medium-sized tree with lanceo- 
late or oblong leaves, and large, white, fragrant 
flowers, found in the sub-Himalayan tracts and in 


Assam and Manipur, ascending to an altitude of 
c. 1,200 m. It is often planted in the plains of Punjab 
and West Bengal, and is propagated througli cuttings. 
The leaves are chewed to redden the lips. The wood 
is moderately hard but is not much used (Finninger, 
603 ; FI. Assam, I, 159). 

P, reticulatum Wight & Arn. (Tam. — Mulipulavu, 
thoIpuK ; Mal. Mala viriam) is a tree, up to 24 m. 
in height and c. 2 m. in girth, found at low elevations 
in the evergreen forests of the western ghats from 
Kanara southwards ; it is also grown in gardens and 
planted along the roads. The wood is reddish brown 
with darker streaks, moderately hard, rather rough 
and heavy (wt.. 689 kg./cu.m.). It is used for boats 
and house building, and is also said to be suitable 
for match-boxes and splints (Bourdillon, 49 ; Rama 
Rao, 49). 

P. rubiginosum Ilcync ex Wight & Arn. (Ta.m. — 
Chittilai pidavu ; Mal. — Malam tlindali) is a graceful 
tree, up to 24 m. in height and 2 in. in girth, found 
in the evergreen forests of western ghats from Kanara 
southwards and in the Anaimalai hills up to an 
altitude of 900 m. The sapwood is white : heartwood 
pink to red, close-grained, moderately hard, heavy 
(wt., 545 -801 kg./cu.m.) and easy to saw. The wood 
is pretty, but cannot lie obtained in broad pieces. It 
is used locally for house building and boats. It is also 
considered suitable for match-boxes, splints and 
paper pulp (Bourdillon, 49 : Gamble, 101 : Indian 
Woods, I. 208 ; Rama Rao, 49). 

P, semisagiltatum Buch.-Ham. ex Roxb. (Lr.siiAi 
— Mukau) is a tree, up to 18 m. in height and 2 m. 
in girth, with usually fluted stem, and greyish bark 
found in the Lushai hills, up to an altitude of c. 900 m. 
It is occasionally cultivated in Bihar, West Bengal. 
Orissa and parts of Madras. The rate of growth is 
moderately fast with an annual girth increment of 
about 2.5 cm. The wood is reddish grey, fairly hard, 
durable and heavy (wt., 641 801 kg./cu.m.). It is used 
for axe handles and is a good fuel. The bark is used 
as a masticatory (Gamble. 101-02: Rodger. 30; 
Burkill, ir, 1834).' 

P. xvlocarpinn Santapau & Wagh syn. P. 
heyneanuni Wall, ex Wight & Arn. (Tel. — Tsolgu, 
lada ; -Pulavu ; Kan. — Kesali, copin: Mal. — 

Palaka unanu thopali ; Oriya — Giringa) is a handsome 
tree with large white fragrant flowers and toothed or 
lobed leaves (10.0-15.0 cm. X5.0-7.5 cm.) distributed 
in parts of the Deccan Peninsula. Tlie leaves are used 
in leucorrhoea. They are also smoked like tobacco. 
The .wood is light red, hard and heavy (wt., 6vS9 kg./ 
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cu.m.), resembling that of P. acerifolium in structure 
(Kirt. & Basu, I, 375-76 ; Gamble, 102). 

PTERYpOTA Schott & Endl. {StercuUaceae) 

A genus of trees distributed in the tropics, chiefly 
of the Old World. One species occurs in India. 

P. alata R. Br. syn. Sterculia alata Roxb. 

D.E.P., VI(3), 360 : FI. Br. Ind., I, 360 ; Talbot, I, 
Fig. 87. 

Bexg. — Buddha narikel, tula ; Tam. — Kodaittondi ; 
Kan. — Kolugida, tattele mara ; Mai.. — Kodathani, 
anathondi, pathondi. 

Nepal — Labshi ; Assam — Tula, pahari ; Khasi — 
Dieng-sohdakor ; Lushai — Phunber-pui ; Andamans — 
Letkok, 

Trade — Narikel 

A tall, handsome, often buttressed tree, up to 
45 in. in height and 3 m. in girth, with a straight, 
cylindrical bole up to 30 m., found in the eastern 
Himalayas and Assam and in the western ghats 
from North Kanara southwards ; it is also found in 
the Andamans. Tlie tree is commonly cultivated for 
ornament in avenues and gardens. Bark greyish 
brown, fairly smooth ; leaves 10-25 ^ 

ovate-cordate ; flowers brownish yellow, in panicles ; 
follicles sul^globose, woody ; seeds many, oblong, 
compres.sed, c. 5 cm. long, with a terminal corky wing. 

The tree is found sporadically, chiefly in the moist 
situations in evergreen forests, often towering over 
the surrounding vegetation ; it also does well in dry 
localities. Natural regeneration through seed is quite 
common, the seedlings being capable of withstand- 
ing fairly dense shade. Artificial reproduction may be 
done through direct sowing of freshly collected seeds 
or transplanting c. 20 cm. high nursery-raised seed- 
lings during the rainy season, giving a spacing of 
c. 2 m. X 2 m. Stump-planting has also been found to 
be successful. The rate of growth of the tree is fast, 
with 2-5 rings per 2.5 cm. of radius ; it coppices well 
(Troup, I, 152 : Haines, II, 77 ; Macalpine, Tocklai 
exp. Sta. Memor., No. 24, 1952, 102 ; For. Res. India, 
< 952 “ 53 » pt 3 I Indian For., 1948, 74 , 279). 

The wood is white, when first expo.sed, turning 
greyish with age. It is generally straight-grained, 
coarsc-textured, moderately hard and light (sp. gr., 
0.25-0.62; wt., 385-657 kg./cu.m.). It is easy to season 
but should be converted soon after felling and open- 
stacked under cover to prevent discolouration. Kiln- 
seasoning, however, gives the best results. Planks 
2.5 cm. in thickness take 4-5 days to season and 


require an initial steaming for two hours at 55® and 
100 per cent R.H. for sterilization. If properly 
seasoned, the wood is fairly durable under cover, but 
is easily perishable in exposed positions, as it is 
susceptible to various types of insect attacks and 
fungal rots. It is easy to saw and peel, finishing to a 
good surface ; cut on the quarter it presents a some- 
what lustrous surface with a marked silver grain. The 
data for the comparative suitability of the limber, 
expressed as percentages of the same properties of 
teak, are ; wt., 85 : strength as a beam, 85 ; stiffness 
as a beam, 85 ; suitability as a post, 85 ; shock- 
resisting ability, 100 ; retention of shape, 70 ; shear, 
90 ; and hardness, 75 (Pearson & Brown, 1 , 150 ; Indian 
Wootls, I, 217-18; Bourdillon, 46; Rodger, 22; 
Rehman, Indian For. Bull, N.S., No. 198, 1956, i ; 
Limaye, Indian For. Rec., N.S., Timb. Mech., 1954, 
1 , 60, Sheet No. 19). 

The wood is chiefly used for tea boxes and other 
light packing cases. It is also suitable for plank- 
ing and plywood and for making light furniture, 
match-boxes and splints. In Nepal, the wood is 
employed for making drums. It is a very good fuel 



F.RJ., Dehra Dun. Photo : Ramesh Rao 

FIG. 116-PTERYGOTA ALATA-TRANSVERSE SECTION 
OF WOOD fxlO) 
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wood — calorific value, 5,160 cal., 9,290 B.t.u. Analysis 
of the wood gave the following values (oven-dry 
basis); cellulose (Cross & Sevan), 56.2 ; lignin, 21.1 ; 
pentosans, 16.8 ; and ash, 1.3%. Experiments on 
chemical pulping (av. fibre length 1.19 mm., and diam. 
0.03 mm.) of the wood showed that it was not eco- 
nomical for the production of writing and printing 
papers. Bark yields a fibre used for rough cordage 
(Pearson & Brown, I, 152; Indian Woods, I, 218; 
Limaye, loc. cit. ; Trotter, 1944, 219; FI. Assam, I, 
154 ; Krishna & Ramaswami, Indian For, Bull, NS., 
No. 79, 1932, 24 ; Bhat & Gupta, Indian For, Bull, 

N. S., No. 180, 1954, i). 

The roasted seeds are eaten in parts of Assam and 
Burma. They arc reported to be used as a cheap 
substitute for opium, although narcotic properties 
have never been attributed to this tree. Dried seeds 
yield (35%) a fixed oil, having the following charac- 
teristics; sp. gr."“‘, 0.905; sap. val., loi ; acet. val., 
81.7 ; iod. val., 95.09 ; R.M. val., 0.41 ; Polenske val., 

O. 42 ; and unsapon. matter (mostly phytosterols), 
0.86%. The fatty acid composition of the oil is as 
follows; stearic, 7.5; palmitic, 14.5; linoleic, 32.4; 
and oleic acid, 44.0% (FI. Assam, I, 154 ; Benthall, 
51 ; Pillai, Rep, Dep. Res,, Univ, Travancore, 1939- 
46, 188). 

Ptychotis — see Trachyspermum 
Pudding Grass — see Mentha 

PUERARIA DC. {Leguminosae ; Papilionaceae) 

A small genus of twining herbs or shrubs with 
tuberous roots, distributed in South-East Asia and 
Pacific Islands, with many species recorded in India. 
Two species, P, lobata and P. phascoloides, are widely 
cultivated as cover, green manure or fodder crop. 

♦P. lobata (Willd.) Ohwi syn. P. thunbergiana (Sieb. 
& Zucc.) Benth. ; P. hirsuta Schneid. non Kurz 

Kudzu 

Bailey, 1947, III, 2856. 

A perennial, hairy vine with long, thickened or 
tuberous roots, native of China and Japan, now 
introduced and grown in many tropical and sub- 
tropical countries, including India. Leaves trifoliolate ; 
leaflets entire or shallowly 2-3 lobed, pubescent; 
flowers mauve or violet coloured, fragrant, in dense 
pubescent racemes, 20-50 cm. long ; pc^s flat, oblong 
linear, 5-10 cm. long, hairy, with 8-20 seeds. 

*Some taxonomistfi consider P. triloba (Lour.) Makino as the 
correct name for this plant (FI. Java, I, 632). 


A hardy, vigorous growing vine, cultivated in its 
native area, Japan and China, for its edible roots. 
Kudzu was first introduced into U.S.A. as a trellis 
plant, but in later years proved to be a valuable crop 
for erosion control and forage. It was introduced into 
India about 1926 and experimentally grown for 
cover, green manure and fodder in Pusa (Bihar). 
While it yielded favourable results in Bihar, its 
performance at other regions, viz. Mysore, Coorg, 
South Kanara and Poona was poor ; in Delhi and 
Almora (Uttar Pradesh), it was moderately successful. 
Poor results have also hem reported with this plant 
in areas with a tropical climate, like Malaya and 
Equatorial Africa [O’Brien & Skelton, Bull Miss, 
agric. Exp. Sta., No. 438, 1946 ; Ahlgren, 132 ; Joshi, 
Agric. LiveStk India, 1933, 3 , 586 ; Yegna Narayan 
Aiycr, 1950, 123 ; Nagasundara, Indian Fmg, NS,, 
1959-60, 9(2), 33 ; Savur, Madras agric, ],, 1948, 35 , 
241 ; Dabadghao, Curr, ScL, 1949, IS, 379 ; Khan & 
Misra, Agric. Anim. Hush., Uttar Pradesh, 1955, 
6(6), 1 1 ; Use of Leguminous Plants, 238]. 

As a cover crop and green manure plant, kudzu is 
evidently better adapted to moderately humid sub- 
tropical and warm-temperate regions than to pure 
tropical areas, for which P. phaseoloides is reportedly 
more suitable. Kudzu withers during winter in 
temperate areas but revives again with the approach 
of spring. It is also able to stand protracted drought 
because of its roots which penetrate deep into the soil. 
It can be propagated both by seeds and by rooted 
nodes (crowns) or rooted vine cuttings. In India and 
many other countries, it does not flower or set seed 
ea.sily, and propagation by rooted cuttings is preferred. 
Planting is usually done In January-February, the 
planting distance depending upon how quick the 
cover is required. It requires regular cultivation in the 
first one or two years in order to enable it to produce 
numerous intertwining stolons which root at the 
nodes and serve to cover the area closely. Under Pusa 
(Bihar) soil conditions, it has been found to produce 
bacterial root nodules. It does not stand frequent 
and close cuttings and yields about 40 tonnes of 
green matter per hectare in three cuttings in Delhi 
[Gandhi, Indian Fmg, NS,, 1954-55, 4 (io), 26 ; Joshi, 
loc. cit. ; Whyte et al, 320 ; O’Brien & Skelton, 
loc. cit.]. 

Kudzu is an ideal plant for a variety of situations 
where the soil is subject to erosion. It makes vigorous 
and rapid growth in places where most grasses and 
legumes do not come up. It yields large quantities of 
leaf litter which adds to the fertility of soil. It is 
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reported to suppress even weed growth (Gandhi, loc. 
cir. ; J.)alal & Patnaik, Indian For., 1963, 89, 468). 

Kudzii is nutritive and palatable to all kinds of 
livestock and poultry. Its value as fodder is enhanced 
by the fact that it can be harvested in the months of 
April and May when green fodder is very scarce. It 
can he grown for pasture and hay also, the yield of 
hay ranging from 2 to 10 tonnes per hectare. It makes 
good silage and can he grown in admixture with 
Napier or other grasses. Analysis of the vine grown 
in Pusa and harvested in April, May, June and 
October gave the following ranges of values (air- 
dried material): moisture. 1.3 -5.7 : fat, i. 6-3.3 > tTude 
protein, 13. i -15.9 : soluble carbohydrates, 39*2-47.7 : 
crude fibre, 17. 1-25.9 : soluble mineral matter, 9.9 
12.9; silica, 1. 5-4.9; phosphorus, 0.20-0.23; and 
potassium, i. 6-3.4%. The mineral and vitamin values 
of the hay, according to a foreign source, are as 
follows: calcium, 161 ; phosphorus, 47; magnesium, 
80; riboflavin, 0.8: and carotene. 4.4 ing./i(x> g. 
Kiid/u is a good source of calcium and digestible 
protein. Feeding trials on goats carried out in 
Izatnagar indicated that kudzii vine hay (dig. protein, 
10.3 ; total dig. nutrients, 28.7 ; and starch equivalent, 
16. 1 kg./ too kg.) compared well with cowpea hay, 
herseem hay and wheat bran in digestible protein 
value, but was inferior to legume hays in starch 
equivalent (Dalai & Patnaik, loc. cit. : Morrison, 327 ; 
Joshi, loc. cit. : Miller, 251, 424: Kehar & Deb 
Gosvvami, Sci. Cult., 1950 51, 16, 77). 

The roots of kud/u are tuberous and in favourable 
climatic conditions may grow to a great size and 
attain a weight of over 35 kg. They can he eaten 
boiled as vegetable. The edible portion of the fresh 
roots contains: moisture, 68.6 ; protein, 2.1 : fat, 0.1 ; 
total carbohydrates, 27.1 ; fibre, 0.7 ; and ash, 1.4% ; 
calcium, 15: phosphorus. 18: and iron, 0.6 mg./ 
i(K) g. A gliicoside daidzin, the aglucone daidzein, 
an i-soflavone puerarin, fl-n-glucopyranosy 1-4,7- 
dihydroxy /soflavone and its xyloside have been 
identified in the roots. The dried roofs yield 40 per 
cent of a starch which resembles cassava starch and 
can be used in food and medicine (digestibility, 
21.9%). In China and Japan, a kind of flour called 
Ko-fen is made from the roots : it is sweet and 
odourless and is used to make soup (Burkill, II, 1838 ; 
Porterfield, Eton. Bot., 1951, 5, 3 : Wii filing ct ah, 
Agric. Hand!)., US. Dep. Agric., No. 34, 1952, 23 ; 
Joslii, loc. cit. : Winion & Winton, I. 37 : Chem. 
Abstr., 1962, 56, 3564 ; 1953, 47, 7126). 

Kudzu stalks yield 46.2 per cent of crude fibre. The 


fibre is extracted in China and Japan for the manu- 
facture of cordage and a fabric known as grass-cloth 
which is favoured for summer wear fjt Ptihh imp. 
agric. Bur., No. 10, 1947, 212; Thorpe, VII, 155; 
Matthews, 349 ; Joshi. loc. cit. ; Porterfield, loc. cit.). 

The starch of the roots is said to be official in the 
Japanese Pharmacopoeia. A decoction of the root is 
said to be used in China for ailments like colds, fever 
and dysentery. The flowers and the seeds are also 
used medicinally, and the shoots are used as 
lactagoguc (Quisumhing, 427 ; Porterfield, loc. cit.). 

Young leaves and shoots arc reported to he edible. 
The extract of the vine is said to contain traces of a 
gibberellic acid-like substance (Terra, Commun. R. 
trap. Inst. Amst., No. 54e, 1966, 70; Manzclli et ah, 
Nature, Loud., 1962, 1 %, 492). 

*P. phaseoloides Benth. syn. P. javanica Benth. 
Tropical Krozu 

FI. Br. Ind., 11 , 199 in part : FI. Java, I, 632. 

Assam -Jcrnici-kyn-saw, jcrmei-soh’gonsoh. 

A woody twining climber clothed with dense 
spreading brown hairs, found from Kumaun to 
Assam along the sub-IIimalayan regions up to an 
altitude of i.ioo m., and distributed further in 
Burma, Malaysia and China. Leaves trifoliolate : 
leaflets entire or lohed, densely pubescent on lower 
surface : flowers light lavender, often with whitish 
fringes, in long pediincled racemes 10-40 cm. long ; 
pods 5-11 cm. long, pubescent, with 7 -20 seeds. 

Tropical kudzu is better adapted to tropical regions 
than kudzu {P. lobatd). It thrives with a high and 
extended rainfall and withstands not too severe and 
prolonged dry season. It is not exacting in its soil 
recpiiremcnts and grows wtII on heavy clay soils as 
well as on sandy loams. It tolerates a high water level 
in the soil. Because of its roots which penetrate deep 
into the soil, it can survive extended dry periods also, 
[r endures conditions of partial shade when grown 
as a cover crop in plantations of rubber, citrus, 
coconuts, etc. (Whyte ct ah, 318 ; Telford & Childers, 
Circ. Fed, Exp. Sta. Puerto Rico, No. 27, 1947). 

Tropical kudzu has been tried successfully as a 
cover, green manure or forage crop in a number of 
tropical countries in South-East Asia, E(|uatorial 
Africa and Central and South America. In India, it 
has been tried in several areas, viz. Mysore, Coorg, 
Wynaad, Anaimalai hills and the .ravine lands of 

* Acrordin); to Prain (/. Asiat. Soc. lienfr., 1897, 66, 420), the 
.s|}criincn.s from Assam, Nortli Bengal, Sikkim, Khasi and Naga 
hills referred to this species belong to P. subspicata Benth. 


314 



PUERARIA 



Indian Rubber Hoard 

FIG. 117-PUFRARIA PHASEOLOIDHS-COVER CROP IN 
RUBBER PLANTATION 


Unar Prack-sli [Telford C'liilders, lor. cil. : Whytt* 
ct (il., 317 ; Usi* of Leguminous Plants, 238 : Manual 
of Green Manuring, 68 : Yegna Narayan Aiyer, 1950, 
122 ; Nagasiindara, Indian Fni^, N.S., 1959-60, 9(2), 
33 ; Mudaliar, Madras afrric. /., 1953, 40 , 266 : Kaushik, 
Proc. (jih s\dvic. Go///., Drlira Dun, 1956, pi i, 381 j. 

Tropical kiid/u is propagated by seeils and cuttings. 
I'he seeds must first be scarified by rubbing between 
two sheets of sand paper or by treating with concen- 
trated sulphuric acid. In areas where seed setting is 
poor, cuttings 0.5 in. long can be used for planting. 
The plants grow rather slowly during the first 3-4 
months and require special weeding and cultivation 
to accelerate their growth. Tropical kudzu can also 
he grown in pasture mixed with a suitable grass such 
as Guinea grass, hut as the latter grows much (piicker 
than tropical kiid/u in the first few months, it may 
he necessary to graze the grass hack to enable the 
kudzu crop to come up. Once trojiical kudzu is 
established, it makes luxuriant growth and with- 
stands even trampling fairly well. The plant is little 
affected by diseases or pests. It is reporteil to flowx*r 


readily and to set seeds abundantly in some areas, 
while in other areas seed setting is poor. Seed produc- 
tion is hetter when the plants are allowed to climb 
or where there is a definite dry period than in areas 
where the rainfall is heavy (Yegna Narayan Aiver, 
1950, 124 : Nagasiindara, loc. cit. : Whyte ct al., 318 ; 
Telford & Childers, loc. cit.). 

Cattle are said to graze readily on tropical kudzu, 
once they get accustomed to its taste. It is relished 
by work oxen, milch cows, goats and even poidtry. 
It is estimated that about 0.4 hectare of tropical 
kudzu can feed one cow grazing continuously during 
the dry season and two cows during the rainy season. 
Care should he taken that the plants are not grazed 
down to the ground. Yields of 18 tonnes of green 
matter per hectare in three cutiings under rainfed 
conditions and 27 tonnes per hectare in 5 6 cuttings 
tinder irrigation have been reported from India, while 
higher yields up to 30-50 tonnes |)er hectare have 
been recorded elsewhere (Nagasiindara. loc*. cit. ; 
Telford & Childers, loc. cit.). 

Fresh leaves and stems of tropical kudzu have the 
following chemical composition and nutritive value: 
moisture, 80.9 ; protein, 3.8 : fat, 0.4 : .soluble carbo- 
hydrates, 7.9 : fibre, 5.5 ; ash, 1.5 : calcium. 0.14 ; and 
phosphorus, o.o3';(. : digestible nutrients: protein. 2.9 ; 
fat, 0.2 : and soluble carbohydrates. 6.5",, : nutritive 
ratio, 3.5: and starch ec|uivalent. 12.9 kg./i<M> kg. 
The green feed is rich in vitamin C. is a good source 
of vitamin A, and also contains h vitamins (TVik, 
Sci, .Scr,, Defy, /Igr/c., Malaya, No. 24. 1951, 69, 77. 83). 

'IVopical kudzu forms an ahundaiur of nitrogen- 
ous root nodules and affords a good green manure : 
the manurial consiiiuems present are (dry matter 
basis): nitrogen. 1.8: calcium. 0.58: phos|)horus, 

O. 24; and potas.sium, 1.13V.1. It is afso very effective 
as a cover crop in plantations of rubber, cloves, citrus, 
coconut, etc. It is said to he ideal for erosion (ontrol 
(Use of Leguminous Plants. 238 : Whyte ct al., 318 ; 
Pandalai ct al., Indian Cncon, /., 1954 55. 8 , 32). 

The tuberous root is said to he eaten in some parts 
of South-eastern Asia where it is abundant. A useful 
strong while fibre which can he made into twines and 
ropes is said to he extracted from the stem. The plant 
is said to he used medicinally for ulcers and boils in 
Malaya (Burkill, If. 1838 : FI. Assam, II, 82). 

P. thomsonii Kenth. 

FI. Br. Tnd., II, 198. 

As.san I — 5 H t inff, ka ikuangru, 

A climber with slender branches clothed with 
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(l(‘ci(iiioiiK brownish hairs, found in North Bengal 
and in Khasi and Liishai hills in Assam. I^caflets 
green and sparsely hairy above and grey w'ith dense, 
thin hairs beneath ; racemes 15-22 cm. long with 
reddish coloured flowers; pods 10-12 cm. long, flat, 
straight, 8-12 seeded. 

This species from Assam is held to be identical 
with P. lobdta by some authors, but this view has 
not been accepted by most authorities. Hence, it is 
likely that some of the reports of trials with kud/11 
{P. lohata) from Assam possibly refer to P. thomsauii 
Beiith. Under cultivation in l)elhi it is said to have 
shown an average growth of 2.2 cm. per day and is 
not affected by low temperature |Prain. /. Asiat. Sm\ 
Bcng., 1897, ^ 4 * 9 * Assam, II, 81; (ilandhi, 
Indian Fnig, N.S., igs-\"' 55 * 26 1 . 

Cattle are said to browse upon tliis plant. In Indo- 
China, this species is reported to he cultivated. The 
tubers are considered edible (FI. Assam, 11 , 81 ; 
Mansfeld, 213). 

P. tuberosa DC, Indian Kuuzr 

D.E.P., VI(i). 363 : FI. Br. Ind., II, 197. 

Hindi -Sural, hilaikand, hharda, tirra, banknnira ; 
Bkno.— xSVimnV/ hairaji ; Mak. — Gliorbcl ; Gt'j. — 
Vidartkand, phagvelo, kliakarvcl : Tkl. -Darigum- 
madi ; Kan. — (hnnadigida, 

Punjab Siali ; KvMtM s - Sirala, hisalu, 

A large perennial climber w'ith very large tuberous 
roots, distributed nearly throughout India, except in 
very humid or very arid regions, and ascending up 
to i,2(X) m. Stems w'oody, up to 12 cm. in diam., 
leaves trifoliolate : flowers blue or purplish blue, in 
racemes 15-30 cm. long : pods Hat, 5-7 cm. long : 
densely clothed with long, silky, bristly brown hairs : 
seeds 3-6. 

P. tubrrosa can be called the Indian Kud/ti by 
virtue f)f the many characters w'hich it shares in 
common with kud/u and tropical kud/u. It is said to 
he rather very common in some areas and is an 
extremely prominent vine in exposed and eroded 
areas, covering the ground, bushes, and even large 
trees. In a comparative study of the merits of P, 
lobala (kudzu), P. phascoloidvs (tropical kudzu) and 
P, tuberosa (Indian kudzu) for suitability of soil- 
erosion control in Punjab, western Uttar Pradesh and 
Central India, it was found that only P. tuberosa was 
suitable for this purpose. It was cpiite satisfactory 
from the points of soil binding, soil cover and resto- 
ration of soil fertility. The plant can he easily propa- 
gated from seeds and crowns, the production of seeds 


being prolific. The green foliage and tender twigs are 
as nutritious and palatable as those of kudzu, and a 
yield of 7.5 to 10.0 tonnes of air-dry foliage per 
hectare has been reported (Kaushik, Proc, gtli sylvic, 
Conf,, Debra Dun, 1956, pt i, 381 ; Rao, Indian For,, 
1958, 84 , 281). 

'Phe tubers are large, 30 60 cm. long and 25-30 cm. 
broad, weighing up to 35 kg. They arc often found 
in strings connected with the main roots by thin 
roots. The yield of tubers is reported to be about 5.0 
to 7.5 tonnes per hectare, "rhey taste like Ikjuorice 
and are said to be eaten raw or boiled. They are often 
fed to horses and ponies. The tubers can be used for 
the extraction of starch. They contain: dry matter, 
85.1: total carbohydrates, 64.6; crude fibre, 28.4; 
crude protein, 10.9 : and ether extr., 0.5%. /J-Sitosterol, 
sucrose, glucose and fructose have been identified. 
The extract of tubers is active against Ilelfninthos- 
poriuni sativum Pamm., King & Bnkke (FI. Assam, 
If, 80 : Haines. HI. 281 : Atal & Qadry, /. sci. induslr. 



riG. 118 -pijhraria tubhrosa-flowering and 
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Res.^ 1962, 21c, 184 ; Rao. loc. cir. ; Kaiishik, loc. cir. ; 
Anjaneyulii cl «/., Indian /. Client,, 1965, 3 , 237 ; 
Lakhcra, Ctirr, Sci, 1965, 34 , 249 ; IMintnagar el al, 
Indian J, vied. Res,, 1961, 49 , 799). 

The leaves of P, liiherosa afford good fodder for 
liorses and cattle. Analysis of the dry leaves gave: 
crude protein, 23.8 ; fat, 0.7 ; crude lihre, 30.7 ; other 
carbohydrates, 31.6; ash, 12.0: calcium, 1.6 ; and 
phosphorus, 0.2% (Rao, loc. cir.). 

The roots are said to he used in medicine as a 
demulcent and refrigerant in fevers, as cataplasm for 
swellings of joints, and as lactagogue. The dried roots 
are sold as drug in the form of longitudinally cut, 
decorticated flat thin slices of a white to dirty white 
colour with a slight characteristic odour and peculiar 
sweet tasie (Kirt. & Hasu, f. 792 ; Atal cV Qadry, loc. 
cit.). 

Puffball — see Fungi 

PULICARIA Gaerin. [Coinpositae) 

A genus of annual or perennial herbs distributed 
in Asia, Kurope and Africa. Kight species arc recorded 
in India. 

P. crispa Oliver 

D.K.R. VI(i), 364 ; Kl. Br. Ind., III. 299 : Kirt. & 
Basil. PI. 526A. 

Hindi Burhna. 

PuNjAH — Bui, gidi, phatvier, sutei ; Delhi — 
Ilaldzva; Rajashian l)h(da lizru. 

A .shrubby perennial. 30-60 cm. higli. found in 
Punjab, upjier (/angel ic |)lain. Bihar, Gujarat and 
Raja.sihan. Leaves linear oblong, undulaie-crisped ; 
heads solitary, yellow : achenes oblong. 

The dried herb is applied as a vulnerary to bruises 
and sores of bullocks. A decoction of the plant 
is taken for febrile conditions. In Sahara, the plant is 
u.scd as a substitute for tea (Kirt. & Basil, II, 1354 ; 
Cains, /. Bombay nat. Hist. Soe., 1939-40, 41 , 854 : 
Dalziel, 419). 

P. dysenterica Bernh. 

FI. Br. Ind., Ill, 298. 

A perennial herb, about 60 cm. high, found in 
Kashmir at altitudes of 1,500-1,800 m. Leaves oblong- 
cordate, wavy and toothed ; heads a dense, woolly, 
yellow corymb ; achenes silky. 

The plant, on extraction with volatile solvents, 
yields 0.27 per cent of a pale green concrete, from 
which, on further treatment, 78 per cent of an absolute 
can be obtained. The absolute has the following 


constants: sp. gr.'*’’, 0.8976; [a]’;*', -3.7”; and 
>«523o. It consists principally of terpenes 
(myrccne, styrolene, traces of camphene, limonene) 
and borneol : cineole, eugenol, dimethyl phloraccto- 
phenone, and nierhyl and /.vobuiyl phlorol arc also 
reported to be present. The plant also contains inulin 
(Salgues. Qualit, Plant, Mai, Peg., 1952-54. 1 , 139 ; 
Wehmer, II, 1219). 

The plant p()s.sesses tonic, astringent and diuretic 
properties, and is usetl as remedy for dysentery and 
diarrhoea (Steinmetz, 1957. 586). 

P, foliolosa IX^ is a much-branched annual, 30 - 
60 cm. high, with linear-oblong or oblanceolate leaves 
found in upper and lower Gangetic plains. Sikkim. 
North Bengal, ()ris.sa, Konkaii, l)eccan and Madhya 
Pradesh. The plant, where it is sufliciently abundant, 
is used as fodder for camels (Diithie, I, 465). 

Pummelo — see Citrus 
Pumpkin — see Cucurbita 

PUNICA I anil. (LylUraeeae ; Punicaceac*) 

A genus of large .shrubs or small trees with 2 
species, one, P, protopunica Balf. f., found wild in 
Socotra Islands and the other, P, granalum, cultivated 
in tropical and sub-tropical parts of the world for 
its fruits. 

P. granatum Linn. PoMK(;RANArK 

D.K.P., VI(i), 368 ; C.P., 909 ; M. Br. Ind., 11 , 580 ; 
V\, Male.siana, Set*. I, 4(3), 226-27. Fig. 

Hindi — Anar ; Beng. — Dalivi : Mar. Dalimba : 
Grj. — Dadavi ; Tki.. — Danimma ; 'J'a.m. -Madulai ; 
K AN . — Dali m ba ; M a i .. — Mat ala m , 

A shrub or small tree, 5 to m. high, con.sidered to 
be a native of Iran, Afghanistan and Baluchistan, 
found growing wild in the warm valleys and outer 
hills of the Himalayas between 900 and 1,800 m. and 
cultivated throughout India. Bark smooth, dark 
grey ; branchlets sometimes s|)iniscent : leaves 2.0- 

8.0 cm. long, oblong or obovate. shining above ; 
flowers usually scarlet red. siuneiimcs yellow, 3.7 

5.0 cm. long and as much acro.ss, mostly .solitary or 
2-4 together : fruits globose, crowned by persistent 
calyx, with a coriaceous woody rind and an interior 
.septate with membranous walls, containing numer- 
ous .seeds : seeds angular with a fleshy testa which is 
red, pink or whitish. 

*()n tli(' i)asis ot the* siriiciiirr of the* ovary aiul the typical 
fruit (the halu.st.*!), Punica has been classified as the solitarv genus 
under a separate fainilv Piniicacrue, distinct from I.ythracvac, 
though many authors still continue to treat the genus :is a member 
of Lyihrqceac. 
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The pomegranate is a fruit of great antiquity and 
is known to have been cultivated in the Middle East 
more t^n 5,000 years ago. The' wild or semi-wild 
pome|^nate still exists in the north of Syria, in 
Gilead and on Mount Carmel. It is also found in 
various regions from Caucasus to Afghanistan, the 
wild types of Central Asia showing a wide range of 
variation in the size of the fruit, sweetness, time of 
ripening, juiciness and proportion of seeds to flesh. 
According to De Candolle, Vavilov and others, the 
pomegranate originated in South-West Asia, prob- 
ably in Iran and some adjoining countries [Burkill, 
II, 1839 ; FI. Malesiana, Ser. I, 4(3), 226 ; Zukovskij, 
60 ; Goor, Econ. Bot., 1967, 21 , 215]. 

Punka granatum has been classified into two sub- 
species, chlorocarpa and porphyrocarpa, each having 
two varieties. These sub-species have been established 
on the basis of the colouring of the ovary, a stable 
feature which is retained when they are reproduced 
by seeds. Sub-species chlorocarpa is mainly found in 
the Transcaucasus, whereas the second, porphyro- 
carpa is mainly Central Asian in distribution 
[Rozanov, Izv. Akad. Nauk. tadzh. SSR, 1963, 2(13), 
35 ]- 

Though mostly found cultivated in many parts of 
India, the tree is also very common and gregarious in 
the gravel and boulder deposits of dry ravines and 
similar places in the outer Himalayas, up to about 
1,800 m. In Jammu, it is found growing gregariously 
on dry limestone soils in the upper extremities of 
subtropical forests ; it is also found in Chamba, 
Kangra and Mandi districts of Himachal Pradesh 
and valleys below 1,800 m. in Jaunsar and Tehri- 
Garhwal ^stricts of Uttar Pradesh (Troup, II, 610 ; 
Information from Director of Agriculture, Uttar 
Pradesh, and Y. K. Sarin, Regional Research Labora- 
tory, Jammu ; Gupta, 248). 

As a cultivated crop, the pomegranate is grown to 
a limited extent in selected localities in almost all 
States. Maximum area is said to be devoted to it in 
Maharashtra, particularly in Poona, Sholapur and 
Satara districts. In Gujarat, its cultivation is concen- 
trated in Dholka taluk. It is cultivated in the districts 
of Almora, Aligarh, Tehri-Garhwal, Meerut and 
Farrukhabad in Uttar Pradesh ; Uthuktili, Michael- 
patti, Vellodu and Dindigul in Madras State ; Penu- 
konda and Madakasira in Andhra Pradesh ; Tumkur, 
Kolar, Bangalore and Mysore districts in Mpore 
State (Cheema et al., 270; Naik, 390: Information 
from Directors of Agriculture, Madras and Mysore). 

Several types of pomegranate are cultivated in 


India, distinguished by the shape of the Bruit, the 
colour and thickness of rind, and the taste and colour 
of the seeds. The fruits are round, oblate or obovate 
in shape and vary in diameter from 8 to 12 cm. The 
rind may be thi^ or thin, the colour varying from 
pale yellow to crimson. The seed pulp in superior types 
is thick, fleshy and very juicy, while in inferior types it 
is thin. It ranges in colour from white and transparent 
in some to pink and blood red in others ; the pulp 
taste also varies from sweet and aromatic to sour and 
insipid. The seed coat varies in hardness, some of the 
softer seeded types being known as seedless (Bedana). 
Lack of lignification of the testa (outer integument) 
is the main cause of so called seedlcssness in pome- 
granate. Among the numerous types grown, the 
Bedana and Kandahari are considered the best. 
Table i gives the different types of pomegranate 
grown in India (Naik, 390; Hayes, 404; Gq>ala- 
swamiengar, 608 ; Nath & Randhawa, Indian /. Hort., 


1959, 16 , 191 ; 

Kihara in Yamashita, 287). 

TABLE l-TYPES OF POMEGRANATE GROWN IN INDIA* 

Type 

Fruit characters 

Alandi or Vadki 

Fruit medium in size; fleshy testa blood red 
or deep pink, with sweet, slightly acidic 
Juice ; seeds very hard 

Bedana 

Fruit medium to large in size ; rind brownish 
or whitish ; fleshy testa pinkish white, with 
sweet juice ; seeds soft 

Dholka 

Fruit large in size ; rind greenish white ; 
fleshy testa pinkish white or whitish, with 
sweet juice ; seeds soft 

Kabul 

Fruit large in size ; rind deep red mixed with 
pale yellow, thick ; fleshy testa dark red, 
with slightly bitter juice 

Kandahari 

Fruit large in size ; rind deep red ; fleshy 
testa blood red or deep pink, with sweet, 
slightly acidic juice ; seeds hard 

Musket Red 

Fruit small to medium in size ; rind somewhat 
thick : fleshy testa with moderately sweet 
juice ; seeds not very hard 

Paper Shell 

Fruit medium in size ; rind thick : fleshy testa 
reddish to pink, with sweet Juice seeds 
soft 

Poona 

Fruit large in size ; rind crimson, dark grey 
or greyish green, sometimes variously 
spotted ; fleshv testa deep scarlet or pink 
and red 

Spanish Ruby 

Fruit small to medium in size ; rind thin ; 
fleshy testa rose coloured ; seeds soft 

Vellodu 

Fruit medium to large in size; rind moder- 
ately thick ; fleshy testa Juicy ; seeds 
moderately hard 

*Gamniie & Patwardhan, Bull, Dep, Agric. Bombay, No. 30 , 
1908 , 521 ; Thapar, 147 ; Naik, 391 ; Cheema et al, 272. 
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Besides those grown for fruit, there are a few 
ornamental types planted in gardens, some of them 
horticulturally named as distinct forms. A dwarf 
type and a double-flowered form with red, yellow 
or white flowers arc the most popular (Bailey, 1947, 
III, 2751 ; Rehdcr, 667 ; Firminger, 519 ; Gopala- 
swamiengar, 284). 

CULTIVAIION 

Climate and Soil — ^The pomegranate is a sub- 
tropical fruit tree, growing best in semi-arid climate 
where cool winters and hot summers prevail. It grows 
under a wide range of climatic conditions and is 
planted up to 35® N in U.S.A. It stands considerable 
frost, and is injured only when the temperature goes 
below -11°. It thrives even under desert condi- 
tions. Although it is highly drought-resistant, the 
pomegranate bears well only under irrigation (Gopala- 
swamiengar, 607 ; Ochse ei aL, I, 720 ; Hayes, 403 ; 
Thapar, 146). 

The pomegranate gives very good returns in a deep 
loamy soil although it thrives well on comparatively 
poor soils where other fruits fail to flourish. It shows 
a preference to calcareous soil containing lime 
nodules and tolerates soil alkalinity to a greater 
extent than most other plants (Hayes, 403 ; Thapar, 
146; Venkataratnam, 120). 

Propagation and Cidture— The pomegranate is pro- 
pagated by seed in Bombay, Gujarat and in South 
India, although the universal method of propagation 
is by hard wood cuttings. Propagation by seedlings 
leads to wide differences in tree and fruit char.acters. 
Vegetative propagation is found to be more depend- 
able for preserving and multiplying the selected 
types. When vegetativcly propagated, hard wood 
cuttings, 25-50 cm. long, from the previous season’s 
growth are taken. These are planted in beds leaving 
only, one or two buds exposed. A year after, the 
rooted cuttings are lifted out with a ball of earth 
around their roots and transplanted to the orchard 
(Hayes, 403 ; Naik, 391). 

In the generally poor soils of Deccan, the plants 
arc given a spacing of 3.5-4.5 m. In lighter but deeper 
soils the distance is increased to 5.5 m. Pits of 
60 cm. X 60 cm. X 60 cm. arc dug at the required 
distance and filled with about 20 kg. of farmyard 
manure mixed with fine soil. Seedlings or cuttings arc 
planted in these pits (Cheema et aL, 274). 

A/anwrmg— Well-rotted, old farmyard manure, 
mixed with ashes, is usually applied to pomegranate 
plants at the rate of about 20 kg. per seedling, while 


planting. After this 3-6 baskets of old cattle manure 
is given to each plant every year at the break of the 
monsoon. When the fruits arc fairly well developed 
an application of 2.0-2.5 kg. of groundnut cake is 
advantageous. Application of small quantities of 
ammonium sulphate, wood ash and lime along with 
farmyard manure is also recommended [Cheema et 
275 ; Katyal & Chadha, Fertil, News, 1962, 7(4), 
aj]. 

Irrigation — Pomegranate responds well to irriga- 
tion. In Gujarat and Maharashtra, the bed or basin 
system of irrigation is practised. In this, small round 
basins are made at the base of each tree and these arc 
filled with water. Monsoon showers are supplemented 
by irrigation during May and June. Copious and 
regular irrigation is essential during fruiting season, 
as irregular moisture conditions result in the crack- 
ing of fruits (Cheema et al., 275). 

Priming — Pomegranate docs not usually require 
pruning except for removing the suckers and giving a 
shape to the tree. The tree should be allowed to grow 
a clean main stem by pruning the side branches. Fruits 
arc borne terminally on short spurs emerging from 
mature wood. Every year the bearing region is pushed 
farther away from the base. The interior of the plant 
also becomes devoid of fruits. For securing shapely 
trees and getting a gcxxl crop, a set of new shoots 
should be allowed to grow every year on all sides of 
the tree. The pruning should be confined to a shorten- 
ing of the past season’s growth (Cheema et aL, 275 ; 
Naik, 391-92). 

Diseases and Pests- The fruits arc subject to fruit 
rot especially during the rainy season. They get soft 
in some portions and rot. Fruit rot can be controlled 
by spraying with Bordeaux mixture (Venkataratnam, 

123)- 

In Punjab, pomegranate suffers from the dicback 
of twigs, caused by Pleuroplaconenia punicac Petrak. 
Aspergillus castaneus Patterson causes discolouration 
of the fniits and seeds, while in Mysore a disfigure- 
ment of the fruits is caused by Sphaceloma punkae, 
A dry rot of pomegranate fruits caused by Phomopsis 
sp. resulted in 80 per cent loss of fruits in Bulandshahr 
district (Uttar Pradesh) in 1950. Spraying Perenox 
with Albolinium sticker reduces the fruit rot to a 
manageable extent. Dry rot of the fruits caused by 
Zythia versoniana Sacc. can be greatly reduced by 
spraying with Bordeaux mixture (Nirvan, Sci & 
Cult., 1956-57, 22 , 395 ; Mehta, Plant Prot. Bull., 
New Delhi, 1951, 3 , 7 ; Chem. Abstr,, 1940, 34 , 
5110). 
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Other minor diseases are leaf and fruit spot caused 
hy species of Ccrcospora and GUwosporium which can 
he controlled hy spraying with Bordeaux mixture. 
Besides these, canker and diehack caused hy Ccuiho- 
spora phyllosticta, and leaf spot caused hy Pvstalotia 
sp. have also been reported [Hayes, 405 ; Hnrt, Abstr., 
1966, 36 , 637). 

The most common pest of pomegranate is the fruit 
horer, which is the griih of the pomegranate butterfly 
Viracliold isoc rates Fb. The hutterfly lays eggs on 
flower huds and the calyx cup of the developing 
fruits. The eggs hatch out in ahout 5-7 days and the 
caier|)illars bore through the calyx cup and enter the 
frtiits. Sometimes the entire crop may get alfecied by 
the borers, with considerable loss to the grower. This 
insect can he controlled hy periodically spraying the 
plants with Ktidrin on the developing flowers. Two 
sprayings done at monthly intervals will keep the 
borer away jSrivastava. Indian h'nig, NS., 19^-61, 
10 (.), 9 |. 

Paper bags, plastic covers, wire cages and tin cases 
are also used to protect the developing fruits. These 
covers protect the crop from the horer, as well as 
from birds, hats and s(|uirrels jCopalaswamicngar, 
610: Srivastava, Gardening, *(2), 41]. 

The stem Itorer is another common insect found 
in neglected orchards. The caterpillar makes a hole 
and bores through the branches. The hole can be 
cleaned and petrol inserted into it by means of a 
cotton plug. The petrol vapours kill the insect 
(Venkataratnam, 122-23). 

Besides loss caused by pests and diseases, consider- 
able damage is done to the crop by the cracking of 
frtiits. This is caused by une(|iial moisture content of 
the soil, ft is not known whether any causal organism 
is also associated with the cracking. Adecjuatc and 
regular irrigation and interculture throughout the 
hearing period may reduce cracking (Cheema cl al., 

279)- 

Harvesting and Yield — Normally, the pomegranate 
starts fruiting in ahout 4 years after transplantation. 
Fruits ripen in about 6 7 months from the time of 
flowering. According to seasonal changes, there are 
three flowering seasons in Deccan, vi/. Jiine-July 
(Mrig hahar) coinciding with the break of monsoons, 
February March (Amhc hahar) and September (Haiti 
hahar). Although the pomegranate may be induced 
to bear fruit in any of the seasons, the usual harvest- 
ing season is Ociober-December [Cheema el al., 277 ; 
Pandit el al., Indian Fd Packer, i960, 14 ( 4 ), *^ 1 - 

The fruits are harvested when the skin turns 


slightly yellow and the fruit gives out a metallic 
sound when tapped. Kach tree bears about kx> fruits. 
In Bombay, trees bearing up to 200 fruits have been 
recorded. The harvested frtiits can be stored for a few 
weeks and actually they improve on keeping. The 
fruits arc wrapped in paper and sent in bamboo 
baskets of 50-^ fruits to the city markets (Venkata- 
ratnam, 122). 

Storage Pomegranates keep well for a long lime. 
Experimental trials showed that fruits stored at o” 
and 4.5® at So-85 per cent K.l I. did not undergo any 
shrinkage or spoilage for seven months. They may 
be sprayed with a 2 per cent Lypol .solution and 
aerated properly before using. In hulk storage, they 
arc packetl in layers in wooden crates each containing 
16-18 kg. of fruits and stored at o” and 80 per cent 
R.Il. Rice straw anti paper are tised as jiacking 
material (Mukerjee, Sci. & Cult., 1958 59, 24 , 94 ; 
Food Sc i., 1959, * 3 ^)* 

Trade — Pomegranates are imported into India 
mainly from Afghanistan and West Pakistan. In 
1965 66, i55.(xx> kg. of fruit worth Rs. i77,otx> was 
imported from Afghanistan, while 35,o(x> kg. of the 
fruit worth Rs. i4.o(X) was imported from West 
Pakistan. In 1966-67, tht‘re was a sharp decline in 
imports with 1,053 kg. of fruit worth Rs. 1,243 being 
imported from Afghanistan while imports from West 
Pakistan ceased altogether. Exports of the frtiit from 
India to Nej)al anti oiher couniries during 1965-66 
and 1966 67 amounted to 4,216 kg. worth Rs. 21,574 
and 3,853 kg. worth Rs. 8,345. respectively. 

Uru.i/AiiON AM) Ciik.mi(:al (k>.Mi»osinoN 

Pomegranate is largely used as a dessert. The seeds 
along with the fleshy portions are dried and com- 
mercially marketed as Anardana and are widely used 
as condiment. The source of anardana of commerce is 
said to he the wild trees, covering vast tracts of hill 
slopes in Jammu, and parts of Chamba, Kangra and 
Mandi districts of Himachal Pradesh, and Punjab. 
The main areas from where anardana is collected are 
the Riasii, Udhampur, Ramhan, Kishtwar and 
Bhadarwah Forest Divisions. In these areas, fruits are 
hand-picked towards the middle of October, when 
they are ripe and brown red in colour. Seeds with the 
pulp arc separated by hand from the rind and arc 
dried in the sun for ahout 10-15 days when the colour 
of the seeds turns reddish brown. The main assembling 
centre for anardana is Udhampur from where distri- 
bution is done all over the country. About 350 tonnes 
of anardana arc reported to have been marketed from 
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Uclhampiir in 1963- 64 (Sarin, Indian For,, 1965, 91, 
559 : Information from Shri Y. K. Sarin, Regional 
Research Lal)oratory, Jammu). 

Analysis of the edible portion (687o) of pome- 
granates from Coonoor gave: moisture, 78.0 ; protein, 
1.6; fat, o.i ; fibre, 5.1 ; other carbohydrates, 14.5; 
and mineral matter, 0.7';;. : calcium, to: magnesium, 
12: oxalic acid, 14: phosphorus, 70.0: iron, 0.3; 
smliuin, 0.9; potassium, 133.0 ; copper, 0.2: sulphur, 
12.0; chlorine, 2.0: carotene, o; thiamine, 0.06; 
riboflavin, o.io; nicotinic acid, c}.3o ; and vitamin C, 
14 mg./ too g. The fruit is a good source of sugars 
and vitamin C, and a fair source of iron but is poor 
in calcium. The sugar content increases with the age 
of the frnit and of the tree. The fruit contains 0.27 
per cent of pectin (as calcium pectaie). During ripen- 
ing, the insoluble pectin changes into soluble pectin. 
The concentration of vitamin C is said to increase 
with maturity and ripening of the fruit, and in most 
cases the maximum amount is observed in the nearly 
ripe fruit (Nutritive Value of Indian Foods, 73, io8, 
137 : Brown, 1946, III, 51 ; Chem, Abslr,, i960, 54, 
134S4 ; Trehan & Ahmad, /. set, industr. Res., 1947, 
6B, 16 ; Gonzalez et al., Philipp. J. Sci., 1963, 92, 17 ; 
Sinha, Indian ]. appl. Cliem., 1959, 22, 32). 

A delicious juice is prepared from the fruits. Fully 
ripe fruits yield a sweet, deep-coloured juice with a 
rich flavour. For obtaining the juice, the fruits arc 
cut into (juarters and pressed under moderate 


pressure in a rack and cloth hydraulic press (yield 
360-405 litres/tonne of fruits). According to another 
process, the grains may be separated frotn the 
(|uarters and processed in a basket press, but this way 
the juice recovery is considerably less. The extraction 
of the juice may also be carried out by pressing the 
whole fruit, without crushing or other previous treat- 
ment. The excess of dissolved tannin in the juice 
arising from the fruit rind can be precipitated out by 
the addition of a suitable quantity of gelatin solution. 
The juice after filtration is clarified by healing in a 
flash pasteurizer to 79-82°, cooling at oiue, settling 
for 24 hours, racking and filtering. It is preserved 
either by pasteurization or by addition of sodium 
benzoate. Tlie preserved juice has an excellent keep- 
ing quality (Siddappa, Indian Fmg, 1943, 4, 196 ; 
Tresslcr & Joslyn, 712-13; Girdhari lji\ et al., 131 ; 
Cruess, 384). 

The quality of pomegranate juice is determined 
to a great extent by its acid and sugar contents. The 
acidity of the juice is reported to vary from 0.45 to 
3.47 g./ioo ml. and the reducing sugars from 7.8 to 
13.7 g./uK^ ml. The juice extracted from .some types 
of pomegranates grown in Maharashtra contained 
0.37-0.78 per cent of acids and 5.1-14.6 per cent of 
reducing sugars. Fruits of the Kandahari type pro- 
duce a purplish red juice with a mildly acid-sweet 
taste ; analysis of a sample gave : aci<l (as citric), 
0.81-1.23; tannin in juice from whole fruit, 0.17; 
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and tannin in juice from grains, o.i2V«>. Oliicosc and 
fructose arc ihc |)rinci])ai sugars in pomegranate 
juice, whcittas sucrose is usually absent ; maltose is 
also reported. The acids consist primarily of citric 
(c. 95% of the total acids), with malic as the minor 
component. Among the amino acids, aspartic acid 
and glutamine have been identified in the juice 
(Hayes, 404: Winion ik Winton, If, 802; Nadkarni, 
I, 1032 ; Siddappa, loc. ( it. : Siddappa cV Bhatia, 
Indian ], Ilort,, 1(^54. 11 , k; ; Srivasiava, /. sci, 
biduslr. Res., 1953, ibid., 1956. 

ISC, 39 : Kalyankar cl aL, Cnrr. Sci., 1952. 21 , 220). 

Pomegranate juice blends well with other juices. 
Because of high acidity, its palatahility is greatly 
improved after sweetening. It finds use in the prepara- 
tion of true granadinc, but the commercial beverage 
is mostly of synthetic origin. Pomegranate juice may 
he converted into an excellent syrup. rtib is a 

jirodiict locally pre|)ared from the juice by adding 
sugar and heating to a thick, viscous consistency (total 
solid.s, 70-75%). It keeps well and is used like tomato 
sauce or ketchup (Tressler Joslyn, 713 : W’inion 
Winion, II, 799; Siddappa. loc. cil.). 

'I'he fruit juice easily ferments and may he used 
for the production of wines. 'Hie juice of the wild 
pomegranates in A/erhaijan (U.S.S.R.) is used in the 
manufacture of citric acid and sodium citrate for 
medicinal use (Jacobs, JII, 2400: ('.Item. Ahslr., i<;5o, 
44 , 2181 : i(;59, 53 , 17483 : i(;44, 38 , 535(;). 

'riie seeds (minus juicy coat) contain: moisture, 
35.0 : fat, 6.9 : nitrogenous substances, 9.4 : starch, 
12.6: crude fibre. 22.4; and ash, 1.57/.. Ksirone has 
been reported in the seeds (1.7 mg./i(X) g.). 'Fhe seeds 
yield a diying oil (iod. val., 163) wliich contains 
punicic acid forming up to 72 per cent of the fatly 
acids. Punicic acid is conjugated triene and a 
geometrical isomer of elaeostearic acid. The oil 
possesses antibacterial properties (Welimer, If, Si 7 : 
Ileftmann et al., Pliylocheniistry, 1966, 5 , 1337: 
llilditch, i(j5f). 205, 535: Karle et al., /. Anier. Oil 
Chem, Soc., i960. 37 , 440 : Ahlers & Me 1 'aggart, 
/. Sci. Fd dgm*., 1954. 5 , 75 : Clhopra el al., J. Anier. 
I^hanti. Ass., sci. Fdn, 1(960, 49 , 7S0). 

The fresh rind of the fruit contains: wax, o.S : 
resins, 4.5: mannitol, 1.8: noivcry.stallized sugars, 
2.7: gums, 3.2: inuliii, i.o: mucilage, 0.6; tannin, 
10.4: gallic acid, 4.0: and calcium oxalate, 4.0/0. 
Pectin occurs to the extent of 2 4 per cent (^riiorpe, 
X, 128 : Clinn. Ahstr., 1958, 52 , 14027). 

Tannin occurs in all parts of the tree, particularly 
in fruit rind (up to 26^0 in dried rind), stem hark 


(10-25%), (-8'X,), and leaves (n%). The 

fruit rind and the hark of the stem and root have 
been widely used as tanning materials from early 
times in the Mediterranean countries and the East. 
'Hie hark was once much used for production of 
Morocco leather. The leaves may also be employed for 
tanning (Howes, 1953, 285; Chem. Ahstr., 1942, 38 , 

rhe fruit rind constitutes one of the important 
tanning materials in Jammu and Ka.shmir State, 
where it is obtained as a by-product of anardana 
prepared from wild fruits. Its annual availability in 
the State is estimated at 40,0(xi kg. The dried rind 
contains: moisture, 8 14 ; tannins, 18-22; and 
soluble non-tannins, 16-23%. The tannin is of the 
myrohalan type. Solid tan extract (yield, c. 55% 
of rhe rind) prepared by a(|ue(>us extraction of the 
rind is dark brownish black in colour and contains: 
total tannins, 32.8 : hydrolysahle rannin.s, 22.1 ; 
sugars, lo.i : and ash, 11.3%.. In laboratory trials, the 
rind extract either alone or in blend (1:2) with 
Acacia arahica hark extract (containing c. 42%, tannin) 
produced leather which was smooth and did not 
show tendency to crack. Tlie leather tanned with 
pure rind extract was rather .soft, and had slight 
greenish brown appearance whereas the blend pro- 
duced a satisfactory leather with a light grey ('olour. 
When tried as a substitute for myrohalan. the pome- 
granate extract produced a darker leather and had to 
he given a chemical pretreatment (Sarin ^ 5 : Kapoor, 
Bull. retf. Res. I.ah., Jammu, i(>63. 1 , 136: Sharniii 
(k. Rao, Res. cV Ittd., i(;62, 7 , 212 : Kedlaya cl al., 
Leath. Sci., 1963, 10 , 305 : Kedlaya ik' Selvarangan, 
Bull. cent. Leath. Res. Inst., Madras, k/h 62, 8, 434). 

The rind of pomegranate is also the source of a dye 
which gives yellowish hrow'ii to khaki shades and 
has been useti for dyt*ing w'ool and silk. It is largely 
eiiijiloyed to dye wool in Almora district (Uttar 
Pradesh). The rind extract has been tried as a 
substitute for basic dyestuirs in the dyeing of jute, 
hut the results have been unsatisfactory (ShrolV & 
'Frivedi, Bull. Dep. Ind. Comm., Uniled Provinces, 
N.S., No. 8, 1940, 7 : Saha, /. Indian chem. Soc., 
induslr. Fdn, 1950, 13 , 235). 

Fhe llowers yield a light red dye said to have been 
used in India for dyeing cloth. They contain the 
pigment pelargonidin 3,5-diglucoside. The pigment in 
the edible portion of rhe fruits of Californian origin 
is reported to be delphinidin diglycoside. Examina- 
tion of a type of pomegranate from Delhi showed the 
presence of malvidin pentose glycoside in the juice, 
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and a mixtniv of pentose glycosides (inalvidin deriva- 
tive along with some petiinidin derivative) in the rind. 
The rind also contains /.socjuercelrin (Harborne. 
Phytochemistry, 1963, 2 , 85 ; Ponniah & Seshadri. 
/. sci. ituluslr. Res., 1953, « Sharma & 

Seshadri. ibid.. 1955. 14B, 211: Rajadiirai et ol, 
lA'dih. Sci., 1963. IO 9 1 41). 

The hark of the stein and root contains a number 
of alkaloids belonging to tlie pyridine group. The 
proportion of total alkaloids in dillereni samples 
varies widely, ranging from (^.3 to 0.6 per cent in root 
hark. The alkaloid content of root .samples from 
Poona was as follows: fresh hark of young roots, 
0.38 : fresh bark of old roots, 0.44 ; and fresh wood of 
young roots, o. 1 1 ‘ I^^esh root contained higher 
amounts of alkaloids than the stored root (U.S.l)., 
1955. 1798 ; Chilton & Partridge. J. Phurm., Loud., 
1950, 2, 784). 

The following alkaloids have been reported as 
occurring in the hark: pelletierine (ChH,;,ON. b.p./ 
21 mm.. 106°), iVopelletierinc lo-(2-piperidyl)-propan- 
^-one. C..H,;,()N, h.p./ii mm., 102-07"]. pseudo- 
pelletierine (CyH,..ON, in.p. 53-54°), methyl pelletie- 
rine (C«H,yON, h.p./45 mm., 106-08°). and methyl 
/5opelletierine |a-(2-N-methylpiperidyl)-pr()pan-/i-()ne, 
CylliyON, l).p./26 mm., ii4 i7°|. Of these, only 
iso-, methyl iso-, and pseudo-pellet ierines have been 
.synthesized. Later work showed that pelletierine. 
which was earlier assigned the structure of ^-(2- 
piperidyl)-|u*opan()l, is identical with /.vopelletierine 
and that methyl pelletierine is probably the .same as 
methyl isopclletierine. According to a more recent 
investigation, the hark contains, besides the iso-, 
methyl iso-, and p.seudo-pelletierines, new bases 
designated A... A. (CJI.yO.N), A, (C.JL^O.N), A, 
and A I (CyllyON); bases A„ and A., are possibly 
artefacts. A sample of the bark from Egypt was free 
of alkaloids (Henry, 55-58 : Manske & Holmes, I. 
176-80; Vf, 125-26: Chrm. Ahstr., 1961, 55 , 12414: 
1964. 61, 6046). 

The dried bark, of both the nnit and stem, has 
long been used in the treatment of tapeworms. The 
active principles are the alkaloids of which /5opelletie- 
rine is the most potent as taenicide. The bark is used 
tisually in the form of a decoction. The lannate of 
alkaloids, known as Pelletierine Tannate, is how^ever 
considered to he the most effective and least harmful 
form of the remedy because of its iii.soluhility which 
prevents its rapid absorption and thus enables a 
prolonged contact with the worms. For its prepara- 
tion, the ground bark is mixed with lime and 


extracted with chloroform. After conversion of the 
alkaloids to sulphate and .solution in water, they are 
precipitated by tannic acid as tannates. Pelletierine 
tannate is a mixture with varying proportions of 
tannates of the bark alkaloids, and should contain 
the amount of alkaloids etpii valent to not less than 
20 per cent as hydrochloride. Commercial drug is 
highly variable in its alkaloid content and may not 
contain the active constituents in adeipiate amounts 
(U.S.l)., 1955. 1798: Chem. Ahstr., 1957, 51 , 11364; 
C'hilton Partridge, loc. cit. ; Claus, 1961. 299). 

In suflicient dose, /.vopelletierine (pelletierine of 
literature) produces complete paralysis : pharmaco- 
logical .studies by different investigators have given 
highly divergent results as to its mode of action. 
The chief symptoms from overdo.ses of the decoction 
of the bark or pelletierine are muscular weakness 
and .sometitnes dizziness. Excessive doses produce 
mydriasis, amblyopia, vomiting, diarrhoea, and 
extensive mu.scular weakness, followed by paralysis 
(U.S.D.. 1955, 1798 : Chopra et al, 1 . 394-95). 

A |)roce.ss for the production of an insecticidal 
preparation from the bark has been patented in 
Japan : the product includes the alkaloids and their 
tannates. n-Mannitol occurs abundantly in the stem 
bark and in lesser amounts in root hark, .seeds, and 
leaves: biological tests indicate that mannitol 
possesses mild antispasmodic and anthelmintic 
properties. Eriedelin and beiulic acid are reported in 
the bark, betulic and ursolic acids in the leaves, and 
ursolic acid in the fruit rind. Leaves of young plants 
contain an unstable alkaloid fC\H,..,N ; 2-(2-propenyl)- 
A'-piperideine, m.p. of hydrochloride 112-14°] 
(Chem. / 1 /;.s 7 r., 1953, 17, 1890: 1964, 61, 6046: 1955. 
49, 5782 ; Roberts el al., Ph\tochemistr\, 1967, 6 , 71 1). 

Extracts of different parts of the trei* exhibited anti- 
biotic activity. Extracts of the w^hole frtiit were highly 
active against Micrococcus pyoffcues var. aureus, 
Escherichia coli, and Pseudomonas aeruirinosa. They 
were al.sti very effective again.st intestinal pathogenic 
bacilli such as Salmonella l\phosa, S. montevideo, 
S. scholtmuelleri, Shiirella paradysenteriae B.H. and 
S. paradysenteriae IILZ. Alcoholic extracts of the 
fruit rind and root bark showed activity against 
Micrococcus pyogenes var. aureus. Aijueous extract of 
the root was found to inhibit completely the activity 
of Mycobacterium tuberculosis 607. The leaf and fruit 
gave a positive Itaemolysis test (Bu.slmell et al., Pacif. 
Sci., 1950, 4, 167 ; George et al., J. sci. indust r. Res., 
1947. 6 B, 42 : Masilungan et al, Philipp. J. Sci., 1959, 
88 , 245 ; Watt & Breyer-Brandwijk, 876). 
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Extracts of the fruit rind at a concentration of 
lo g./litrc arc reported to show like other tannin- 
hearing plants, positive inhibition against the fungi 
Piricularia .oryzae Cav. and Collctotrichum falcatinn 
Went {Physalospora iucumanensis Speg.), the causal 
agents of rice blast and red rot of sugarcane, respec- 
tively. Pressed leaf juice showed a powerful inhibi- 
tory action upon tobacco mosaic virus infection 
(Janardhanan at «/., Curr, .Sc/., 1963, 32 , 226 ; Chem, 
Ahstr., 1955, 49 , 8402). 

The fresh pomcgninatc juice is used as an 
ingredient of cooling and refrigerant mixtures and of 
some medicines for dyspepsia. The rind is valued a« 
an astringent in eases of diarrhoea and dysentery. 
The expressed juice of the leaves and the young fruit, 
and the decoction of the bark arc used in dysentery. 
In Java, an ink is sometimes made from inKision of 
the leaves in native vinegar. The sweet types of 
pomegranate are said to be mildly laxative, while the 
less sweet types are believed to be good in inflamma- 
tion of stomach and in heart pain. The powdered 
flower buds are used in bronchitis. The .seeds arc con- 
sidered to be stomachic and the pulp cardiac and 
stomachic [Burkill, II, 1842 : Katyal & Chadha. 
FertiL News, 1962, 7(4). 25 ; Hayes, 405 ; Kirt. & 
Basil, II, 1085]. 

The plant is sometimes grown as an attractive 
hedge. The wood is hard (wt., 897 kg./cu.m.) and 
can be used for small objects. The wood might be 
tried as a substitute for boxwood | Katyal, Indian 
Fmg, N,S„ i95s:-56, 5(i 2), 39: Hayes, 405; Burkill, 
II, 1843 ; Gamble. 377]. 

PUP ALIA Juss. (Amaranthaccae) 

A .small genus of IVerbs or subshrubs distributed in 
tropical Asia and Africa. Three species occur in 
India. 

P. lappacea Juss. syn. P. atropurpurea Mo(|. 

El. Br. Inti., IV. 724 ; FI. Delhi, Fig. 184. 

GiJf. — Gadarjhipato ; Tam. — Adai-olti, 

Delhi — Jlwjhru, din ka tara, hluiral, chirvhatta. 
An erect or straggling undershrub found in the 
hedges of fields, fruit orchards, dry scrub forests and 
waste places from Kashmir to Kumaun, at altitudes 
of 300-1,050 ni., and in Punjab, Rajasthan, Gujarat, 
upper Gangetic plain, Bihar, West Bengal and Deccan. 
Leaves broadly ovate to lanceolate ; flowers in axillary 
and terminal spikes ; fruit an oblong membranous 
utricle, abruptly narrowed to the apex, enclosed in 
the perianth and surrounded by enlarged, stellately 



FIG. 120-PlJPALIA I.APPACBA— FLOWHKING BRANCH 


.spreading, yellowish, hooked awns ; seeds ellipsoid, 
compressed, hlack, shining. 

This weed is reported to cause loss in quality of 
wool gathered from sheep grazing in areas where it 
is common. The hooked fruits caught in the wool 
cannot he separated easily and such wool is classed 
as inferior (Mudaliar & Rao, 26). 

In Africa, the fruit is applied locally for cuts, and 
forms an ingredient in enema preparations ; mixed 
with palm oil, it is applied as a dressing for boils. It 
is given in the form of soup for cough and fever. The 
ashes of the burnt plant arc mixed with water and 
taken for flatulence, and applied to leprosy sores after 
making them bleed. It is used as an ingredient in rat 
poison. In Senegal, the plant is employed as a bait 
to attract fish (Dalziel, 37-38 ; Kerharo & Adam, 
/. Agric. trop,, 1964, 11 , 571). 

P, orbietdata Wight, a robust, sparsely pubescent 
plant found in Konkan and Carnatic coast, especially 
in sandy soil near the sea, is considered to be a sand- 
binder (FI. Madras, 1173). 



Purging Fistula — see Cassia 
Purging Nut — see Jatropha 
Purple Arrowroot — see Canna 
Purple Flea-Bane — see Vernonia 
Purslane, Common — see Portulaca 

PUTRANJIVA Wall. (bMphorhiaceati) 

A small genus of trees (listrihiited in the Inclo- 
Malaysian region. One species occurs in India. 

P. roxburghii Wall. 

D.E.R, VI(i). 372; I. 433: R Br. Ind.. V. 336; 
Kirt. & Basil, PI. 864. 

Hindi Pulranjiva, pulijid, jiaputii, juli ; Bkno. - 
Putranjiva, jiaputa ; Mar. — JiriVanputr, putajan ; 
Tkl. — Kudrajuvi, kuduru, pttlrajivthi ; Tam.— /rzi- 
kollif k(irHp(jl(ii ; Kas,- - A mani, puirajiva ; Mal. -- 
PongaUnn ; Oriya — Poitundia. 

A mostly dioecious, evergreen tree with peiulant 
hranches, attaining a height of up to c. 18 m. and a 
girth of c. 2 m., found wild or cultivated almost in 
all parts of India, ascending up to an altitude of 
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e. 111. Bark grey : leaves 5-10 cm. long, elliptic- 
ohlong to ovatc-lanccolate, dark green, shining ; 
ilowers small : male in dense rounded clusters, 
yellowish, female solitary or 2-3 together, green ; 
drupe 15-18 Him. long, ellipsoid or globose, white- 
toineiitose: stone pointed, rugose, very hard : seed 
normally 1, with copious albumen. 

The tree usually grows on alluvial soil along the 
rivers, or in swamps or evergreen forests and is some- 
times gregarious : it is occasionally met with in 
rather stunted form in drier situations. Natural repro- 
duction takes place through seeds during the rainy 
season and is (piite abundant. Dissemination of seeds 
takes place through deer and hats which like the 
fruit. Artificial reproduction may he done through 
transplantation of one- or two-year old, nursery-raised 
seedlings. Transplantation is best carried out in raitiy 
season. Young plants stand moderate shade and 
are sensitive to drought and frost. The tree is often 
planted in gardens, for liedges, and on roadsides, 
chiefly for shade. Several insect pests have been 
recorded on twigs, leaves and fruit ['Troup. Ill, 828- 
30 : Benthall, 387-88 ; Mathur & Balwant Singh, 
Indian For. Bull., N.S., No. 171(7)* * 959 * 

The wood is greyish white, shining, close-grained, 
hard, strong, heavy (w^t., 586-785 kg./cu.m.) and 
durable. It is used for house hiiilding, agricultural 
implements, tool handles and turnery. Leaves and 
stones are given in decoction for cold and fever ; 
they are also tised in rheumatism. In Bihar, crtished 
leaves are reported to be applied to swollen throats of 
cattle. Ix'aves are also lopped for fodder. Stones of the 
fruit are strung into rosaries and necklaces (Gamble, 

604 ; Duthie, 111 , 100 ; Kirt. eV Basil, III, 2237 : 'Talbot, 

H. 457 •• Cains, /. Roniba\ nat. Ilisi. Soc., 1938-39. 

40 , 307 ; Bressers, 21). 

The seeds yield a fatty oil, used for burning. On 
extraction with petroleum ether, the seed kernels gave 
about 42 per cent of the oil having a pale yellow 
colour, a .strong mustard odour and the following 
characteristics: sp. gr.'‘" , 0.9075: /r‘" , 1.4795; sap. 
val., 190. 1 ; iod. val., 87.1 : acid val., 7.2 : R.M. val., 
f>.66 : acet. val., 8.9 ; llehner val., 94.0 : and iinsapon. 
matter, 0.95%. The fatty acids in the oil are: oleic, 

47.4: linoleic, 15.3: palmitic, 7.1 ; .stearic, 12.1 ; and 
arachidic, 2.r;n. The oil contains .small amounts of a 
mustard oil (Gamhhir & Dutt, Indian Soap ]., 1945- 
46, 11 ^ 169 ; Krishna & Buntamhekar, J. Indian chem. 

Soc., 1931, 8, 301). 

The .seed kernels on steam distillation yield 0.5 per 
cent of a sharp-smelling essential oil of the mustard 
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F.R.L, Dchrti Dun, Photo : Ramcsh Ruo 


I'lG. I22-PUTKANJIVA ROXBURGHIl-TKANSVERSli SECTION 
OF WOOD (xlO) 

oil typo. Tlu- oil contains /sopropyl and 2-lnityl iso- 
thiocyanatcs as the main constiiucnts, and 2-mcthyl- 
Iniiyl /soiliiocyanalc as a minor component ; the 
/sotliiocyanaies are produced on en/ymic hydrolysis 
of gliicosidic progenitors present in the kernels, viz. 
glucopiitranjivin, gliicocochlearin and gliicojiapiitin, 
respectively. An additional gliicoside, glucocleoinin, 
has been idenrilied in the seed kernels ; on enzymic 
hydrolysis it alTords a non-volatile mustard oil, 
cleomin ,NS(.), 5-ethyl-5-methyl-2-oxazolidinc 

thione). A gliicosidic pattern similar to that in the 
seeds is reported in tlie shoots and roots (Puniain- 
hekar, Proc, Iiidutii Acad. Sci., 1950. 32A, 114; Kjaer 
^ Friis, Acta chcni. scatid., 1962, 16, 936 ; Chvm. 
Ahstr., 1963, 58 , 1342). 

The fruit pulp contains a large proportion of 
mannitol, and small (|uantiiies of a saponin glucoside 
and an unidentified alkaloid : the alkaloid is also 
present in a small (piantity in the stones of the fruit 
(Krishna & Pimtamhekar. loc. cit.). 

Puya Hemp — see Maoutia 


PYCNANTHEMUM Mich. {Labiatae ; tMmiaccae) 

Bailey, 1947, III, 2863. 

A genus of aromatic herbs distributed in North 
America. These mint-like plants arc easy to cultivate 
on any good soil. One species has been introduced 
into the Indian gardens. 

P. virginianum Durand & Jackson syn. P. lancco’ 
latum Piirsh (Virginia Mountain Mint) is grown in 
gardens for its heautifiil masses of white or purplish 
flowers, which are borne in profusion during tlic 
summer months. It is an important honey-bee plant 
in America. The flowers are used as a flavouring. The 
herb is said to possess stimulant, antispasinodic, and 
diaphoretic properties. Dried herb yields 2.2 per cent 
of an essential oil. Carvacrol, gcraniol, pulegone, 
mentliol and menthone have been reported in the oil. 
The oil may he used in tooth powders or pastes, and 
for the preparation of menthol (Singh, Bull. Indian 
Coun. agric. Res., No. 76, 1956, 28 ; Uphof, 301 ; 
Hocking, 184 ; Guenther, 111 , 691 93). 

PYCNOCYCLA Lindl. {Umbellifcrae) 

FI. Br. Ind., If. 694. 

A small genus of perennial herbs distributed from 
North-Fast Africa to India. One species occurs in 
India. 

P. glauca Lindl. (Mundaki — Gara eieiet) is a inuch- 
hranebed herb, with a woody rootstock, rush-like 
stems, 20-60 cm. high, and pinnaiely dissected leaves, 
bearing white or purplish flowers in heads, found in 
Punjab, Bihar and Madhya Pradesh. The roots of 
the plant are used in Bihar as a remedy for dysentery 
(Bressers, 71). 

Pygeum — see Prunus 

Pyrethrum — see Chrysanthemum 

Pyrites — see Sulphur and Pyrites 

PYROLA I iinn. {Ericaceae ; P^rolacrae) 

A small genus of perennial herbs distributed in the 
temperate regions of northern hemis|)here and also 
in the temperate zone of tropical America. One 
species occurs in India. 

P. rotundifolia Linn. 

FI. Br. Ind., Ill, 475 ; Blatter, II, 14, PI. 37, Fig. i. 

A glabrous perennial herb with rhizomes found in 
the north-western and eastern Himalayas, at altitudes 
of 2,7fM)-3,ooo m., and in Khasi and Jaintia hills up 
to i.jtx) m. Leaves round, broadly egg-shaped or 
elliptic, 2.5 -5.0 cm. diam., leathery ; flowers white or 
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pink, in long scapigerous racemes ; fniir a capsule, 
crowned by the persistent style ; seeds minute. 

This species is circumboreal and includes a numlx^r 
of varieties, the western iliinalayan forms referred to 
var. rotundifolia and the eastern Himalayan and 
Khasi hill forms to var. asarifolui DC. The plant 
contains two gliicosidcs, namely arhutin (2.05% in 
fresh leaves) and ericoliii which account for its 
diuretic and antiseptic properties. Methyl arhutin, 
ursone, gallic acid, and a (piinonc chimaphilinc 
(CajlIaiO,, m.p. 113°) arc also present, '['he plant is 
also considered astringent and aiitilithic, and is used 
for healing wounds. The leaves arc used as tea. A 
decoction of the plant is prescribed against profuse 
menses, bloody stools, hacmorrliages, and ulcers 
in the urinary passages (Wood, /. Arnold Arbor., 
1961, 42, 62 ; Decaux, Acta Pliyloiher., Amsl., 1961, 
8, 81 ; Chem. Absir., 1939, 33 , 1876; Uph(»f, 301; 
Steinmetz. IF, 349 : Hocking. 185). 

Pyrolusite — see Manganese Ores 

Pyrope — sec Garnet 

Pyrophyllite — see Steatite and Talc 

Pyrrhotite — see Nickel Ores 

Pyrrosia — see Pleopeltis 

PYRULARIA Michx. (Saulalaceae) 

A small genus of shrubs and trees distributed in 
North America, India and China. One species occurs 
in India. 

P. eduUs A.DC. 

D.K.P., VI(i), 373 : FI. Br. Ind., V, 230. 

Nki»al Amplii ; Lkpcha- iSV//i/iy, toktor-kim^; 
Bill' IAN -Pyabdechu ; K 11 a s 1 — D/r/ig-.so-fc/ong ; 

Mikir — T hiug-beng. 

A small to medium-sized, deciduous, often thorny 
tree found in the eastern Himalayas and tlie lulls of 
Assam, ascending up to an altitude of c. 1,800 m. 
Leaves up to 17 cm. long, elliptic- or ovaic-ohlong, 
coriaceous : flowers mostly monoecious, small ; drupe 
pyriform or globose, 2. 5-5.0 cm. long, crowned with 
the perianth lobes ; seeds globose. 

The fruit is edible and tastes like guava. Seeds arc 
found to contain a fatty oil. The wood is white, 
close-grained, moderately hard and heavy (wt., 753- 
801 kg./cu.m.). It is used in North Bengal to make 
implements for churning butter. The sap is reported 
to lx used as rennet for curdling milk (Cowan & 
Cowan, 1 14 : Wehmer, I, 260 ; Gamble, 585). 


PYRUS Linn. (Rosaceae) 

A small genus of deciduous trees and large shrubs 
distributed in the temperate regions of the Old 
World. Some of the species formerly included under 
this genus are now transferred to ATalns and Sorbus 
(c|.v.). Three .species are recorded in India, of which 
two are cultivated for their fruits. 

"riie genus Pyrus is known in wild state only in 
Ftirasia and the main centres of speciation arc 
sittiatcd in eastern Asia, in rlu* Himalayas, Middle 
Asia, Caucasus and Asia Minor. At |)resenr. Caucasus 
is considered to he the main centre of speciation. 
Based on their original geographic disirihiiiion, the 
more important species arc classilied into two groups. 
Occidental (European and West Asian) and ()riental 
(East and Northern Asian) (Zhukovsky, Kupbytica, 
1965, 14, 177 : Zielinski, 186). 

P. communis Linn. Common or Kt uopKAN Ph\r 

KA.SilM[K, Pl NjAB, UlTAR PrAUKSII /?r/gf/g0.s7/r/. 

D.E.P., VI(i). 374 : C.P., 910 : FI. Br. Ind.‘, II, 374 ; 
Bailey, 1947, TIT. 2805-06, 2867-68. 

A tree with a broad pyramidal crown, distributed 
in the temperate regions of Etirope and West Asia. 
Leaves orbicular-ovate to elliptic, crenate-serrate ; 
flowers white, in few' flowered corymbs ; frtiits 
variable, turbinate or subglohose, calyx lobes persis- 
tent, the flesh w^ith gritty concretions. 

This species includes a large number of varieties of 
wdiich two are important, viz. var. coninuniis |syn. 
P. communis var. pyraster Linn. ; P. pyraster (lAnn.) 
Borkh.j and var. saliva IX^. (syn. P. domestica Medik. ; 
P. saliva Lam. et DC.). Var. communis wdiich includes 
the wild pears is usually a thorny tree, with flow'ers 
2.0 2.5 cm. across and fruits 1.5 2.0 cm. across, and is 
distributed in middle and southern Europe, Asia 
Minor, Caucasus and northern Iran. Var. saliva is a 
thornle.ss tree with larger leaves and flowers and large, 
juicy fruits, and includes almost all the cidtivated 
types of pears, some of which may, how'ever, be 
hybrids. There are also ornamental forms stich as 
cut-leaved, lobe-leaved and variegated (Rehder, 403 ; 
Bailey. 1947. 111 . 2867-^8). 

Europe (with the exclusion of the Mediterranean 
region) is considered to be the centre of origin and 
development of this highly polymorphous species. 
Many of the cultivated types of P. communis prob- 
ably owT their origin to the initial population of 
natural and artificial hybrids betw'een var. communis 
(the Wild Pear) and P. nivalis [acep (Snow or Cider 
IVar), a native of eastern Europe. 
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Amongst temperate fruits, the pear stands next to 
the apple in total world production (about one-third 
that of apples), diversity of types (over 5,000 named 
types) and popularity as a dessert fruit. Germany, 
Italy, France and Switzerland in Eurofie, and the 
U.S.A. and Japan together produce aonually more 
than half of the world production of pears which is 
nearly five million tonnes. In India, the pear is culti- 
vated on a much smaller scale than the apple. The 
area under pear in India is about 1,400 ha., the chief 
areas of cultivation being Punjab, Kashmir. Himachal 
Pradesh and Madras, while Delhi, Uttar Pradesh. 
Assam and Bengal have smaller areas under this fruit 
(Fruits, Commonwealth Econ. Comm., 1964, 33 ; 
Sham Singh el aL, 331 ; Agrk\ Marketing India, Bull. 
Marketing Some Important Stone, Pome and Small 
Fruits and Pine-Apples in India, Marketing Ser., 
No. 62, 1950, 5). 

Pear breeding on a systematic scale was practised 
particularly in Belgium and France as well as 
England during the 18th and 19th centuries and 
resulted in many well known superior types, like 
Bartlett and Winter Nelis. The classification of pear 
types is said to be more difficult than that of apples 
or other similar fruits. The fruits are very variable 
in shape and one of the main causes for this is the 
extent of fertilization of the ten ovules in a normal 
flower, the shape of the fruit perfected without the 
develo|iment of a single seed being very much diffe- 


rent from that with all the ovules developed into 
seeds. Some systems of classification based partly on a 
natural and partly on arbitrary characters or fully 
on arbitrary characters of the fruit have been devised, 
but none has gained any wide acceptance (Magness, 
Yearh. Agric., IJ.S. Dep. Agric., 1937, 615 ; Chandler, 
1957, 317; Zhukovsky. Euphytica, 1965, 14 , 177; 
Zielinski, 188, 192 ; Chittenden, IV, 1507). 

Bagugosha (Citron des Carmes) is said to be the 
chief type grown in Punjab and Kashmir ; Williams^ 
Bon Chritien commonly known as Bartlett, is another 
important type grown in these regions. Other types 
recommended for cultivation arc : Conference, 
Clapp's Favourite, Doyenne dti Cornice, Dr Jules 
Cuyot, Easter Bcurre, Kmillc d' lle\st, Marie Louise 
d* IJccle, Thompsons and Winter Nelis (Sham Singh 
r/ fl/,, 332 ; Hayes, 434). 

The basic chromosome number of the ])ear is 
211 — 34 as in the apple. There are a large nurnher of 
types which are triploids : a few letra|)loids have 
also been reported. Genetical investigations into 
the mode of inheritance of some friiil and leaf 
characters have also been made. The common pear 
has been crossed with other species like P. pyri folia 
(Bunn, f.) Nakai (the Japanese Pear) and P. ussxh 
riensis Maxim. Though no progeny of high (juality 
has occurred in the F, generation, as the low (|uality 
of these species seems dominant over the high cjuality 
of common pears, some of the hack crosses with the 
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common pear have been rated high. Hybrids of ibc 
pear with the apple have also recently been raised 
successfully making use of hormone treatment 
(Magness, loc. cit. : Crane & Lawrence, 153; Crane 
& Marks, Nature, Lotul,, 1952, 170 , 1017 ; Brock, 
Heredity, 1954, 0 , : Williams, Rep, Imies hart, 

histn, 1958, 7-13). 

Cn/nvATioN 

Clwuile find Soil — ^Pear is less hardy and grows in 
general in a somewhat warmer climate than the 
apples. It is said to recpiire c. 9(X) i,ixx> hours below 
7° to adecpiaiely break its rest period. In India it is 
grown at elevations of i,2oo-i.8(x) m. in Punjab, 
Himachal Pradesh, Kashmir, Uttar Pradesh and 
Assam and in the Nilgiris at elevations of i,6(x>- 
2,000 m. It is best grown on a deep and warm soil 
retentive of moisture, though in actual practice it is 
generally grown on poor and marginal soils. It is said 
to be comparatively less ailected by waterlogging 
during the rainy season (Shoemaker & Teskey, 135- 
36: Tbapar, 95; Naik, 341 : Jawanda, Punjab hart. 

1961, 1 , 150). 

Propaf^ation -The pear is propagated by budding 
or grafting on some kind of rootstock grown first in 
tlie seedbed and then in the nursery. The rootstocks 
used in this country in the northern growing regions 
are generally P. pasliia (Kaentli or Sliiara) or the 
seedlings of commercial pear types. In the Nilgiris, 
the country pear (P. pyrifolia) is preferred for stock 
as the grafts give gcxxl orchard performance, though 
use of P, pashia is said to have the possibilities. 
Sorbus khasiaua Rehder and Malus baccata are said 
to have long heen used successfully in A.s.sam for root- 
stock. In Kiirope and America, the pear is grafted or 
budded on seedlings of commercial pear types like 
Bartlett and Winter Nelis, but the plants so raised 
are susceptible to the attack of fireblight disease under 
American conditions. 'Hioiigh other alternative root- 
stocks have been tried, no satisfactory rootstock has 
yet l:een olitained. Quince (C\donia oblonfra) stmrks 
have been used for dwarfing pears, though some of 
the pear types are not compatible with (juince and 
re<|uire double working using an intermediate pear 
type compatible with (piince |Thapar, 95 ; Naik, 342 ; 
Hayes, 434 ; Chandler, 1957, 328-30 ; Goiirley & 
Howlett, ^ 92-93 : Shoemaker & Teskey, 130-32; 
Kandhawa, Indian /. Hort., 1950, 7(2), to : Sham 
Singh et aL 3331 - 

Outside India, P. nivalis Jac(|., P. betulaefolin 
Bunge, P. calleryana Decne., P. ussuriensis Maxim. 


and Cralaef^us and Sttrbus spp. have been used as 
rootstock for the pear, with varying success (Chandler, 
1957, 328; Zielinski, 187 88 : Oourley & Howlett, 
5(x>io). 

Cultural Practices — ^'Fbe methods of cultivation arc 
in general like those described for apple (cf. Malus), 
Planting is done in autumn or winter in the northern 
cultivating areas and in January in the Nilgiris, 
giving a spacing of 6- 7 m. or in the case of plants 
hiidded on cpiince stock, only 3.5- 4.5 ni. 'fhe trees 
are kepi in vigorous condition s(» as to bear a good 
crop, but excessive growth in late summer is likely 
to favour blight infection. A cover crop which com- 
petes for food and water and thus retards this late 
growth of the plants is recommended in such cases. 
As the pear is a slow grower. intercrop|)ing with 
vegetables or fruits like cape gooseberry, strawberry 
or tree tomato is recommended in the Nilgiri hills 
(Sham Singh et al„ 333 : Naik, 343). 

With some exceptions like Bartlett, most pear types 
are commercially self-incompatible, the degree of 
incompatibility being related possibly to climatic 
conditions. Diploid types have viable |)ollen and. 
exce[)t in a few combinations, can successfully polli- 
nate one another and provision must be made to 
grow such types in the orchard. Honey-bees are the 
chief .agents of cross pollination (Sham Singh et al„ 
331 : Mukherjee & Shah, Himachal //or/., 1961-62, 
2 & 3 , q9 ; Chandler, 1957, 320-22 : Shoemaker & 
Teskey, 145-47). 

Pears are pruned and trained to form pyramids, 
bushe.s, espaliers and cordons. Pruning of branches 
and thinning of the fruits are recommended for 
obtaining good sized fruits and also to avoid biennial 
bearing tendency (Sham Singh et ai, 333-34 : 
Chandler, 1957, 332 : Shoemaker & Teskey, 147-51). 

Diseases and Pests — ^'Fhe pear is said to sulTer from 
comparatively few diseases or pests. Bark canker, 
caused by Nectria sp., is said to be serious in orchards 
in the Amritsar (Punjab) region. The canker ap|)iars 
on bud scars, wounds, etc. I'he greatest loss is 
sustained on trees up to 12-15 years of age. Remedial 
measures include btirning all dead wood and prim- 
ings which arc sources of infection, cleaning out of 
cankers and application of Bordeaux paste and 
paint, as well as spray. White rot of root and root 
collar caused by Canoderma sp., are also destructive 
of trees up to 10-15 of age. Prompt removal of 
infected roots or removal of severely itifected trees 
is necessary. Treatment of the cut ends of infected 
roots, the trunk and collar region and the surround- 
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ing soil with suitable preparations is also to be 
followed (Chohan, Punjab hart, 1961, 1 , 68). 

Scab caused by Venturia pirina Aderh., has also 
been reported. It closely resembles the apple scab (cf. 
Alains), but is distinct from it. 'rhe general symptoms 
are similar but twig infections are said to be far more 
extensive. Spraying lime-sulphur mixture twice before 
and once after blossoming is said to control the infec- 
tion (Paracer c/ ///.. Punjab linri. /., 1963, 3 , 30 : Butler 
& Jonos, 74<>-52). 

A few other diseases like stem black caused by 
Coniothedum chojnataspnrum Corda. pink disease 
caused by Corticium sahnonicolor Berk. & Br., and 
brown rot caused by Sclemtlnia fructigma Aderh. & 
Riihl., are common to the apple and pear and their 
control is similar to those of apple (cf. Mains) \PIant 
Prat. Bull., New Delhi, 1959, 11(1-4), 5 ^ 1 * 

Hie San Jose scale. Quadraspidiotus perniciosus 
C^Iomst., is a major pest in some areas on the pear as 
well as some other pome and stone fruits. The life 
history of this pest and control measures have been 
dealt with under Mains. Biological control of this 
pest by the introduction of suitable jiarasites and pre- 
dators has recently been tried with some mea.sure of 
success I jolly. Himachal Hort., 1961-62, 2 & 3 , 163; 
C'hhorey Singli, ibid., 1961 62. 2 & 3 , 169: Indian 
llorl., 1962-63, 7(3), 6]. 

A number of beetles which defoliate the plant and 
damage the fruits are reported to infest the pear in 
Himachal Pradesh, Punjab and Uttar Pradesh. Tliey 
arc controlled by spraying with DDT or lead arse- 
nate. In the Nilgiris a number of pests of the pear 
have been recorded and the use of BIIC or Parathion 
spray is said to have given satisfactory control \Plant 
Prot. Bull., New Delhi, 1959. 11(1-4), Sharma & 
Surendra Kumar, Himachal Hort., 1965, 6(2-3), 5 • 
Abraham & Padmanabhan. Indian ]. Hort., 1965, 

22, 214]. 

Harvesting and Yield — ^The trees come to bear in 
about seven years after planting and their profitable 
bearing life is said to be about 60 70 years. Harvest- 
ing of fruits in the northern cultivating areas starts 
in June and goes up to November in the case of laic 
types, while in the southern cultivating areas it 
extends from May to September. Pears should, in 
general, be picked when fully mature hut still hard 
and green. When they reach optimum maturity for 
|)icking they can usually be separated from the spur 
l)y a slight twisting pull. Karly types are picked a little 
early and will be sufficiently ripe within the time 
taken in transporting to the consuming centres. 


Late types arc harvested at a slightly later stage of 
maturity and have to be stored to develop their 
characteristic flavour. The yield per tree in the 
northern areas is said to be 75-120 kg., while in 
Coonoor it is only about half this figure. 

Storage — ^Thc fruit is more easily perishable than 
apple. The various types differ as to length of time 
they can be stored successfully, the safe storage period 
varying from 2 to 7 months at c. - 1°. Rust rot during 
storage can be controlled by wrapping the pears in 
copper-impregnated paper, llic best ripening tempe- 
rature for all types after storage is about 18° (Thapar, 
97 ; Naik, 344 : Mem. Dep. Aftric. Madras, No. 36, 
1954, 4CKJ : Sham Singh et ai, 334 ; Shoemaker & 
Teskey, 151, 154-55: Chandler, 1957, 326-27; Kirpal 
Singh, Punjab hort. ]., 1961, 1 , 142 ; von Ixiesecke, 
1942, 450 ; Cruess, 178). 

Small (piantities of fresh pears are exported 
annually from this country mainly to East Pakistan 
while much larger (|iiantities are imported, West 
Pakistan being the chief source (Table i). 

UtILIZAIION and CllKMRIAI. CoMl’OSmON 

Pears are consumed in India primarily as fresh 
fruit. In Europe, a good portion of the crop is crushed 
to produce juice for beverage and wine industries, 
while in U.S.A. large (piantities arc canned and some 
are dried. Pears are a good source of pectin and con- 
tain also appreciable amounts of sugars and thiamine. 
They are reported to help in maintaining a desirable 
acid-base balance in the human body. Pears have 
been recommended to patients suffering from diabetes 
because of the low sucrose content (Schery, 468 : 
Tressler & Joslyn, 821 : Chem, Abstr.,' h)j^2, 26 , 1357 ; 
1956, 50 , 8934). 

Chemical composition of some important types 
of pears grown in India is given in Table 2. A sample 


TARl.H l-FXPORT AND IMPORT OF FRFSH PEARS* 
(Qty in k^. nnci Val. in Ks.) 

Export linpoii 



gty 

Val. 

Qty 

Val. 

1%2 63 

258,268 

61,517 

9.298.733 

1,50.3.177 

1963 64 

188,630 

69,002 

6,360.408 

875,631 

l%4 65 

59,9<«l 

22,443 

1.202.445 

356,736 

l%5 66 

8,218 

3.291 

2.323.684 

473,6.^5 

1966 67 

1967 68 

200 

KM) 

114,441 

40,748 


* liu'liidcs figures for f|iiinc'c also from l%5-/)6 onwards. 
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of pears from Kashmir contained: acidity (as malic), 
0.24 ; reducing sugars. 8.2 ; total sugars (as invert), 
10.8 ; and tannins, 0.04%. 'fhe trace elements in pears 
include boron, copper (i 19.5 fig./ux} g.), molybdenum 
(3-4 g*)» cobalt (44.9 ng-/ioo g.), arsenic, 

fluorine (0.03 mg./ i<x> g., dry matter basis), and 
iodine (up to 2.0 /ig./i<x) g.). Pear flesh contains 
0.012 per cent and skin 0.03 per cent of phospbatides. 
During ripening of pears, the changes in composition 
consist mainly in a steady increase in sugar content 
and a small increase in acidity (Andrabi Magar, 
Indian /. appL Chnn.^ 1959, 22, 231 : Chew. Ahstr., 
1941, 35 , 2561 ; Winton & Winton, II, 594; Hulme, 
Adva)ic. Fd Res., 1958, 8, 297 ; Garber, Qualit. Plant. 
Mat. Veg., 1962-63, 9 , 33 : Iodine Content of FcmkIs, 
100; Jacobs, II, 1535: Tbor|)e, IX, 256). 

Reducing sugars, of which fructose is the major 
component, constitute over 80 per cent of the total 
sugars present in pears. Analysis of 26 types of 
ripe pears gave the following values for sugars (g./l. 
of the juice): fructose, 65-112: glucose, 5-35: and 
sucrose, 1-24. Pears also contain maltose, galactose, 
xylose and probably arabinose. Two keto-oligosac- 
charides, sorbitol and a cyclitol (probably meso- 
inositol), have been detected. Other carbohydrates in 
pears include starch and cellulose. During ripening, 

TABLE 2-COMPOSlTION OF tDIBI E PORTION OF IMPORTANT 
TYPES OF PEARS GROWN IN INDIA* 



Pears, 

Pears, 

Pears, 

Pears, 


ihti^u^osha Kashmiri Coiintrv 
\akh 

Kicffcr 


(1) 

(2) 

Ob 

H) 

Mf MSI lire, lOa 

S0.5 

S.L6 

S6.0 

S6.5 

Froifiii, j;. 100 jr. 

0.4 

0,2 

0.2 

0.2 

l at. 100 K. 

0.1 

U..1 

0.1 

0.2 

Miiu'rals, j;. 100 j;. 

o..t 

0.4 

0.5 

0.2 

Fibre, 100 g. 

Other carbiilivclraies, 

2.1 

0.6 

1.0 

1.4 

X./IOO K. 

10.6 

i4.y 

li.-l 

11.7 

("ak'iiiin, in;r. '100 jj'. 

20 

20 

6 

10 

Plins|ih()riis. mg./ 100 g. 

20 

20 

10 

10 

In HI, mg. .'100 g. 

1.5 

1.0 

1.0 

0.4 

Vitamin A, 1.1^ ' 100 g. 

0 

0 

14 

0 

'I'hiamine. mg. '100 g. 



0.02 

0.05 

KiboOaviii, mg. 100 g. 



0.05 

0.02 

Nicotinic acid, mg. .10(1 

1 g. 0.2 

0 

0.2 

0 

Vitamin 0, mg./ 100 g. 

1 

.t 

0 

7 

* Nutritive Value of 

Indian FikkIs. 72, I<I7 08, I.IO. 


Non-; — Nos. 1 and 2 are iy|H’s of /' 
of /*. pyrijolia ; No. 4 is a 

'. communis 
hybrid. 

; No. 5 

is a ly|K: 


the starch of the fruit is converted into sugars. The 
pear starch granules are almost round (diam., 4-6 /t) 
and similar to those of apple starch in shape and 
amylose content (32.9'V.) (Miilrne, loe. cil. : Andrabi 
&. Magar, loc. cit. : Ash & Reynolds, Aust. ]. Chew., 
> 955 * ^76; Chew. Ahstr., 1938, 32 , 621 : 1964, 61 , 

> 35 ^ 2 ). 

The pectic constituents in pears depend on the 
type, the stage of ripening and the storage condi- 
tions. During ripening, protopeetin is largely liydro- 
lysed into soluble pectin and this conversion is the 
principal factor concerned with rlie softening of 
pears. The soluble pectin content of Bartlett pears 
was found to be 0.07 per cent at the time of picking 
(unripe stage) and 0.7-0.8 per cent in the ripe fruit. 
When the pears are first cold-stored and then ri|)ene(l, 
there is a fall in both protopectin and soluble pectin. 
In another study. tJie .soltible pectin was o. 1-0.2 per 
cent in picked unripe pears and 0.6 0.8 per cent in 
the fruits ripened by ethylene treatmenr : the total 
pectic substances amounted to about 0.9 per cent in 
most pickings. Pear pectin yields 82.6 jut cent of 
anhydro-uronic acid, and the sugars identified include 
arabinose. galactose, rbamm)se anti xylose (Kertes/,. 
312-13 : Hiilme, loc. cit. : Date & Hansen, Curr. Sci., 
1953, 22 , 145 ; Proc. Indian Aead. Sci., 1954, 39 B, 171 ; 
McCready & Gee, J. agric. Fd Chew., i960. 8, 510). 

Pears have a very low nitrogen content. IVotein 
nitrogen constittites only about 8 per cent of the total 
nitrogen. Lysine, phenylalanine and leucine are the 
iiio.sf abundant amino acids in the protein of pears, 
e.specially during maturation. The free amino acids 
identified in |)ears are asparagine, serine, glycine, 
aspartic and glutamic acids, n- and /I-alanines. y-amino 
butyric acid, cystine, ornithine, glutamine, proline, 
bydroxyproline, melliyl bytiroxyproline, tyrosine and 
all the essential amino acids except tryptophan 
(llulme, loc. cit.: Chew. Abstr., 1946, 40 , ; 

Andrabi & Magar, loc. cit.). 

The vitamin values of pears range as follows: 
vitamin A. <50 f.lJ. : thiamine. 2-50 /tg. : riboflavin, 
7-30 /eg.: and ascorbic acid, i-ii nig./nx) g. Pears 
also contain biotin, pantothenic acid, folic acid and 
vitamin B,.j. Besides other B-vitamins, ino.sitol 
(240 mg./l.) and vitamin B,. (0.13 mg. 'l.) liave been 
reconled in pear juice. The concentration of ascorbic 
acid and biotin is found to be mucb greater in the 
peel than in the pulp of pears. On the tree, the 
ascorbic acid content of the pears is highest dtiring 
the early stages of development when the seeds are 
soft and still undeveloped, after which it falls rapidly 
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(Thorpe, IX, 256 : Holme, loc. dt. ; Andrahi & Magar, 
loc. eii. ; Chem. Abslr,, 1957, 51 , 632). 

Malic and citric acids are the principal organic 
acids present in pears. Table pears contain more of 
malic acid while in some juice pears, citric acid 
accounts for up to 45 per cent of total acids. Other 
acids detected in pears are (piinic (10-20% of the 
total), a-ketogluiaric, succinic, lactic, glycolic, 
shikimic, glyceric and imicic acids. Citramalic acid 
has been identified in the peels hut not in the pulp 
(Huline, loc. cit. ; Anet & Reynolds, Nature, iMtid., 
1954, 174 , 930: Chew, Ahstr,, 1962, 57 , 17 152; 
Andrahi & Magar, loc. cit.). 

A low melting light green wax can he separated 
from the peels. It contains saturated (C,f.-C^2,) and 
unsaturated (mainly oleic, some Ilnolcic and linolenic) 
acids, ternary mixtures of primary alcohols (Cj., C;,„ 
predominantly lignoceryl and ceryl), nonacosane, and 
ursolic acid (Warth, 289). 

The typical aroma of Bartlett pears has been 
attributed mainly to the presence of esters. An 
unsaturated acid, tram-2, ciA'-4-dccadienoic acid, has 
been identified. Several esters of this acid, notably 
the ethyl ester, have been isolated from the flavour 
concentrate and have been shown to have remarkably 
pear-like odours, which make up the final flavour of 
the fruit. u-Hexyl acetate has been shown to con- 
tribute to the flavour of pears. Tlie presence of 45 
components in Bartlett |)ear e.ssence has l)een reported 
(Nursten & Williams. Chem. & hid., 1967, 4S6). 

The tannin content (total catechol derivatives) is 
o.i per cent in des.serr pears. It increases during the 
early stages of growth and later on decreases. The 
major components of tannin fraction are complex 
leiicoanrhocyanins composed of units similar to 
cyanidin. I'he polyphenols include gallic, cllagic, 
chlorogenic and /^ochlorogenic acids. Anthocyanin 
and flavone pigments have al.so been reported in 
pears (ilulme, loc. cit. ; Kieser et al,, Chem. & Ind., 
•953. '2<5o)- 

The en/.ymes present in pears are amylase, catalase, 
peroxidase, xanthine oxidase, pectin |)olygalac- 
turonase, protopectinase and pectase (pectin methyl 
esterase). A high pectin polygalacturonase activity 
has been demonstrated in ripe Bartlett pears. The 
pcctase activity is high in pears during the early 
stages of development on the tree and comes down 
to a minimum at the time of picking : during ripen- 
ing, there is again an increase. Polyphcnolase is con- 
sidered to be responsible for the browning of pears 
when cut, chlorogenic acid being the chief substrate. 


A thermolahile inhibitor of pectina.se was found In 
the juice of some types of pears (Ilulme, loc. cit.; 
Winton & Winton, II, 593; Chem. Ahstr., 1949, 43 , 
7603 ; 1954, 48 , 83^p). 

Ripe pears contain appreciable amounts of acetalde- 
hyde which is believed to be the causative agent in 
the production of scald and breakdown in the fruits. 
The extent of scald is slated to he directly related to 
the concentration of acetaldehyde in the tissue. The 
di.sagreeable taste and odour preceding and accom- 
panying scald and breakdown are attributed to this 
compound (Jacobs, II, 1535). 

Pear seeds contain (dry matter hasi.s); crude protein, 
33.4; fat, 24.H ; lecithin, 1.2 : sugars (as invert), 5.1 ; 
pentcKsans. 6.7 ; fibre. 10.9 : and a.sh, 3.8%. Amygdalin 
is reported in minor amounts. Tlie seeds yield a clear 
yellow fatty oil with a very mild odour and taste, and 
having the following characteristics: sp. gr.;|[; , 0.912 ; 

1.465-1.468: acid val., 1-5: .sap. val., 1S9-197 ; 
i(Kl. val., 1 21-127 * val., 0.3 ; Polen.ske val., 0.3 ; 
and unsapon. matter, 0.5-1.!%. The fatty acids are 
made up of about lo per cent saturated and 90 per 
cent iin.saturated acids. Pear seed oil is .similar to 
apple .seed oil and can he refined to a pale bland 
product .suitable for culinary purposes (Winton & 
Winton, II, 590: Kckey, ^6i : Mensier, 456: Kester, 
Yearh. /IgriV., Dep. /Igr/V., 1950-51, 594). 

PKAR PROorcis 

Canned Bears Bartlett pear is |)referred for 
canning hecau.se of its uniform .sliape, white colour 
and relatively small number of grit cells. In India, the 
Bartlett |)ears of Kulu, after picking, are ripened at 
24 27°. The fruits are peeled from the stem end to 
the blossom end, longitudinally cut into halves, and 
the core removed. 'I'liey are then kepi in salt solution 
(1 2%) to prevent browning, syrupped, sterilized and 
then pnimptly cooled in cans. Syrup-packed canned 
pears contain: water, 81.1: protein, 0.2: fat, 0.1: 
carbohydrates, 18.4 ; fibre, (j.8 : and ash, 0.2%. 'riie 
(|iiality of the canned pn)ducl depends greatly on the 
picking of the fruits at the pn>per maturity, and ripen- 
ing at the proper temperature. 'Hie flesh of too 
immature fruits becomes yellow aiul stringy after 
canning, while that of over-mature fruits becomes 
highly .soft around the core (Crue.ss, 178-81 : Lai Singh 
et al., Indian J. agric. Sci., 1951, 21 , 137 : Girdhari Lai 
et al., 69-70 : Watt Merrill, Agrie. Handh., iJ.S. 
Dep. Agrie., No. 8, t95o, 38). 

Pear waste obtained during the peeling, coring and 
stemming operations in the canneries amounts to 
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30-35 per cent. The fresh waste comains: total 
solids, 14.8-16.3 ; protein, 0.5-0.6 ; crude fibre, 2.2 ; 
total sugars, 7. 1-8.3; o.3-o.4%. It can he 

used in the preparation of vinegar, hrandy or 
denatured alcohol. Some pear waste is employed in 
making a syrup suitahle for canning of pears, or for 
table use. It is also dried and processed to a useful 
stock feed, comparable in nutritive value to beet pulp 
mixed with beet molasses. Pear waste can be used as 
a soil conditioner and in composting (Cruess, iSo. 
764; Chem. Ahstr.^ 1948. 42 , 5131 : Neubert vl nl., 
/. agric. Fd Chem., 1954, 2 , 30: Kefibrd, Food Pres. 
Quart., 1964, 24 , 21). 

Pear Juice — A clear juice of excellent flavour can 
be prepared from Bartlett pears, the process re(|uiring 
treatment witli a pcctic enzyme. It is recommended 
for use in jellies and sherbets, and after acidification 
as a beverage. In California, the Bartlett is the 
principal type used for making pear nectar (Tressler 
& Joslyn, 821-22). 

Dried /V//r- Limited <|iiantities of pears are 
preserved by sun-drying ; cull pears from canneries 
are used more for this purpose than the whole pears. 
Fruits picked while still too green for eating are 
ripened for 8 -10 days, cur, sulphured (for up to 
72 hr.) and spread in the sun for a day or tw'o. The 
process is completed by slow drying in the shade to 
obtain an attractive product. The product should be 
tender, pliable, translucent and of a light colour. 
Dried pears contain: protein, 4.4-5. i ; carbohydrates, 
63.2-64.4; and ash, i.2-r.4% : calcium, 25-29: 
phosphorus, 29.2 -39.2 : iron, 0.25-0.64 : and potas- 
sium, 543-741 mg. ; carotene (as vitamin A), 20 l.U./ 
too g. For dehydration, pears are picked ripe, peeled, 
cut and sulphured for 15 20 min. and dried at 
60-63° for 15-24 hr. The yield is 14-19 per cent and 
the product is superior to sun-dried pears for culinary 
purposes. Pears are also candied, and sweet-pickled 
|Cruess, .j8o, 569-70, 607 : Girdhari Lai et aL, 246. 
251-52 ; Chem. Abstr., 1947, 7 ^^^ • Indian Fd 

Packer, 1956, 10(7), ii]. 

OTHER USES 

Extracts of different parts of the plant have shown 
variable antibacterial action. Fresh pear juice exhi- 
bited good activity against Micrococcus pyogenes var. 
aureus and Escherichia coli. An a(|ueous extract of 
the leaves was active against some strains of 
Escherichia coli. Chlorogenic acid is present in the 
vegetative parts of the tree. The leaves contain 
arbutin, isoqucrcitrin, sorbitol, ursolic acid, astragalin 


and tannin (o.8-2.9';o). They dye mordanted wool to 
yellow and brown shades. The i)ark contains friedelin 
(C,„H.,„ 0 , m.p. 254-56°), epifriedelinol (C.,„l ), 
m.p. 275-76°) and jS-sitosterol. Phloridzin is present 
in the root bark (Watt & hreyer-Brandwijk, 894 ; 
Chem. Ahstr., 1954, 48 , 6079; 1959, 53 , 8310; 1962. 
57 , 1551 1 : 1938, 32 , 621 ; 1958, 52 , 20894 : Hiilme, lo( . 
cit. ; Perkin & Everest, 634 ; Kierstead. 88 : 
Chakravarii el al., J. Indian chem. Soc.. 1964, 41 , 

PEAR WCM)1) 

Pear wood (wt., 705-833 kg./cu.ni.) is reddish 
yellow or pink, soft, close and even-grained. Owing to 
its extraordinary smoothness and evenness of texture, 
it is .said to be excellent for engraving and turning, 
and especially for mathematical and (Irawing instru- 
ments and rules (Gamble, 321 : Howard, 44S). 

P. pashia Buch.-llain. ex D. Don 

D.E.P.. Vl(i), 376 : FI. Br. Ind., 11 , 374. 

I liNOi — Mchal, mol. 

Pi’NjAB — Kaentlu sheghel, batangi, tang, shiara ; 
Assa.m Soh-shur, solhjliur, chalthei. 

A small or medium-sized deciduous tree distributed 
in the temperate Himalayas and in Assam at altitudes 
of 6 (k.>-2,5C)o m. and also in a restricted area in the 
north-eastern part of Madhya Pradesh. Branches often 
spinescent ; leaves 3-lobed, sharply serrate, glabrous 
or woolly beneath : flowers white : fruits globose, 
small. 2-4 cm. in diam., dark yellow-brown, scurfy, 
covered with raised white spots. 

This tree is very common in open sunny slopes and 
is said to reproduce from root .suckers with great 
freedom. It is a tree of moderate growth and can he 
grown from cuttings (Tn)up. If, 490). 

This tree is favoured as a rootstock for the common 
pear (P. communis), and also the apple. There are two 
forms of this species, one bearing small fruits and 
the other larger ones. I’he tree is also top-worked 
with superior types of the common pear, particularly 
in the Kulu valley and Kumaun, where thousands of 
trees occur. Some of the improved types found suit- 
able for top-w'orkiiig are: Victoria, Beurre Hardy, 
Conference, Jargonelle, Nakh Kashmiri, Doyenne dn 
Commice and Williamcs Bon Chritien (Bartlett). The 
topworking is done in February before the sprouting 
of new' buds. The trees so worked upon are fairly 
hardy and drought resistant and are said to start 
hearing fruits of good cpiality within 3-4 years of the 
operation [Thapar, 94 ; Chadha. Indian J. Hort., 
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* 957 ' 119: Srivastava, Indian HorL, 1964-65, 

9 ( 2 ), 9 : Srivastava & lial Singh, Punjab Iwrt, 1966, 
6 , 177]. 

The fruits remain hard with a firm whitish 
astringent flesh until November or December, when 
the flesh begins to ripen, turns black and sweetish, and 
is edible. They may he gathered, dried and stored for 
use later, when they are ground and mixed with the 
flour of wheat, or of numdna or ragi {Elcusine 
coracana). Ripe fruits contain: total solids. 25.1'*.',: 
protein. 1.8% : and ascorbic acid. 3.2 mg./ 100 g. As 
the fruits ripen, the starch is cemverted into sugars 
and at full maturity they contain 3.3 per cent of 
sugars |Troup, 11 , 490; Bhargava, /. Bomhav nat. 
Hist. 5 oe.. 1959-60, 56, 26 ; Tewari, Punjab hart. /., 
5 (i), 24 1. 

The leaves and twigs are said to he lopped for 
fodder. The wood (wt.. 753 kg. /cu.m.) is used for 
walking sticks, combs, tobacco pipes, textile mill 
bobbins and as fuel. Bark contains friedelin (0.57^) 
and /^-sitosterol. Leaves contain ;i-hentriacontanc 
(1%), myricyl alcohol and /J-sitosterol (fshaci, PakisL 
/. For., 1957. 7, 20 ; Gamble, 324 : C'hakravarti et ah. 
J. Indian ebem. Soc., 1964, 41, 83). 

P. pyrifolia (Burm. f.) Nakai var. culta (Makino) 
Nakai syii. P. scroiina var. culta Rebel. ; P. sinensis 
Ilort. non Lindl., nec Poir. Sand Pkar. Chinksk ok 
Japanese Pi-:ak, Country Pe.\k 

Punjab, Utfar Praoesi[ — Nashpati ; Madras - 
Berikai. 

Bailey, 1949, 5*4 * Rchder, 404. 

A small tree, 9-15 m. high : leaves ovatc-ohlong, 
10-15 7“**^ ' green ; flowers white, 

in an umbel : fruit r. 9 cm. across, mostly apple- 
shaped with a depre.s.sion at stem end, the calyx lobes 
falling before maturity ; flesh hard. 

This species is a native of China and Japan from 
where it has been introduced into various countries 
including perhaps India. The nashpati grown in the 
plains and hills of Punjab and in the Khasi hills of 
Assam where it is said to he naturalized, and also the 
so called country pear often semiwild in the Nilgiris 
all belong to this species, 'fhere are said to be about 
220 ha. under these country pears in the Nilgiris and 
nearly 400 ha. under sand pears in Punjab. Nashpati 
is probably self-fruitful and hears abundant crops 
when grown by itself (Bailey, 1947, III, 2505, 2869 : 
Hayes, 434 ; Naik, 340 ; Mem. Dcp. Agric. Madras, 
No. 36, 1954, 395 : Kirpal Singh & Batra, Punjab 
hort. /., 1961, 1, 155 ; Sham Singh cl al., 331). 


The Chinese sand pear, said to he blight-resistant, 
was introduced and widely disseminated over the 
eastern U.S.A. Very soon natural hybrids between 
this species and the types of European pear 
{P. communis) already under cultivation there began 
to appear. Some of them like Kicffer, Leconte, Garber, 
Douglas and Pineapple became popular when blight 
hazard was great, even though they were all inferior 
in (piality as dessert fruits compared to the buttery 
European pear types. Of these hybrid types, Kicffer 
has been intnxiuced into India and is successful in 
South India. Leconte and Smith have been tried in 
IVlhi (Zielinski. 192 ; Gourley & Howlcit, 5<x9 ; 
Naik, 340 : Mem. Dep. Agric. Madras, No. 36. 1954, 
395 : Mukerji cV Rana, Punjab hort. 1966. 6, 
149). 

The country pear of the Nilgiris is said to he 
preferred as rootstock for other types of pear grown 
there (Naik, 340). 

The fruits of P. pyrifolia are relatively inferior in 
cpialily because of their hard and gritty flesh and 
are mostly suitable for canning or culinary purposes, 
hut the plant is so prolilic that its cultivation is said 
to be profitable in spite of the low price the fruits 
command in the market. They stand storage and 
transport better than other pears (Sham Singh ct al., 

332). 

The fruits of country pear have a crisp texture. 
They are rich in sugars and possess a refreshing sweet 
taste. Table 2 gives the cotnposition of country ])ears 
and other types. Mineral composition of a sample 
of country pear was: magnesium, 11 mg.: sodium, 
0.6 mg. ; potassium, 135 mg. : copper, 159 /xg. : and 
sulphur, 16 mg./ioo g. Phytin phosphorus accounts 
for 66 per cent of the total phosphorus, whereas iron 
is present entirely in an ionisable form. Country pears 
arc a good source of pectin (9.25% as calcium pectate, 
dry basis) ; the value recorded by another set of 
observers was 3.1%. The pectin (methoxyl, 12.0 and 
galacturonic acid, 9i.6',V.) yields good jellies. I'rials ai 
Fruit PrtKlucts Research Laboratory, Kodiir (Andhra 
Pradesh) have produced a good canned product from 
Kicffer pears (Balasubramanian ct al., Indian J. mcd. 
Res., 1962, 50, 779 ; Damodaran & Rangachari, ]. scl. 
industr. Res., 1945-46, 4, 298 : Savur & Srinivasan. 
ibid., 1946, 5B, 41 : Rangachari, Proc. Indian Acad. 
Sci., 1951, 33A, i(K>: Mem. Dep. Agrk. Madras, 
No. 36, 1954, 401). 

Pyrus spp. — see Malus, Sorbus 




Quail Grass — see Celosia 
Quails — sec Birds 
Quamachil — see Pithecellobium 
Quamoclit — see Ipomoea 

QUARTZ AND SILICA 

D.K.R, rr. 167 : VI(i), 378 ; C.K 561. 

Silica (dioxide of silicon, SiOa) is one of the 
principal constituents of the earth’s crust, forming 
ahoul 60 per cent of it. It occurs both in crystalline 
and amorphous forms in various geological forma- 
tions. "I’he anliydrous crystalline forms are 
represented hy quart/ minerals, while the amorjihous 
varieties (hydrous silica carrying varying amounts of 
comhined water) include opal and diatomaceoiis 
earth. Quart/, next to felspars, is the most ahundant 
and widely distrihuted mineral. It is found in a great 
variety of forms and colours. Several varieties of 
(|uart/ and silica arc valuahlc as semi-precious stones, 
while many varieties find application in electronics, 
o|)lical. abrasive, glass, refractory and other industries 
(Mellor, VI, i^^7 : Encyclojtaedia Britannica, XVIII, 
830 : Ladoo & Myers, 419). 

Quartz (sp, gr., 2.60-2.66;. II.. 7 ; . 1.544-1.553) 

is a hard, brittle, transparent to opa(|ue mineral, with 
vitreous to greasy lustre, conchoidal fracture, rarely 
exhibiting cleavage. It is insoluble in all acids except 
hvdrolluoric acul. Quart/ is colourless when pure, 
htit is generally met with in tints of red, orange, 
yellow, green, violet and black, depending on the 
nature of inclusions. Many tints disap])ear on heating. 
One of the minerals, the rock crystal, 

possesses pie/o-electric proj)erties. 

Quart/ occurs in two modilications, vi/. »i-t|uart/, 
which is the usual type fotmd in vein (|uart/ and gem 
crystals, and /i-c|tiart/, wliich forms the quart/ of 
granite. f-Qtiart/ is formed at temperaltires <575*^ : 
above this temperaltire /i-(|tiart/ is the stable form 
which changes to tridymite at 870° and to cristohalite 
at 1,470®. Qtiart/ is enaniiomorphous, and simple 
crystals are either right- or left-handed with respect 
to rotation of plane of polarization. Twinned crystals, 
usually penetration twins, arc common (Ladoo & 
Myers. 420; Dana, 470-72; Webster, I, 158; 
Encyclopaedia Britannica, XVITI, 831). 


The various forms of (piart/ may he classified 
under phenoerysialline, cryptocrystalline, massive, 
and granular or cla.stic varieties. Phenocrystallinc 
varieties are found as primary crystals of vitreous 
lu.stre in old acid igneous rocks or as secondary 
infillings into geodes. C’ryptocrystallinc (|uart/ is 
believed either to he a mixture of crystalline tpiartz 
with amorphous opal, or a network of crystalline 
(piart/ with large number of micropores. Massive 
varieties commonly occur in (piartz veins and 
pegmatites, and vary from the coarse or line granular 
crystalline kinds to those which are cryptocrystalline. 
Granular or clastic varieties comprise .siliceous frag- 
mental “(piari/o.se” material like sand, sandstone, 
and (piart/ite (Dana. 471-72: Deer el r//.. IV. 181, 
209-10: L;idoo I’t Myers. 185. 561). 

Opals are considered to he formed hy the de|)osi- 
tion of a series of extremely thin layers of hydrous 
cryptocrystalline or colloidal siliceous material, 'rhey 
vary from colourless to black in tint. In preiious 
opal.s, a play of delicate colours is oh.served and the 
common varieties also show a pearly opalescence 
(Deer el (//., IV, 210 : Wel).sier, I, 1S4). 

The commercial minerals of silica fall under two 
group.s, vi/. gem-(|iiality varieties and non-gem 
varieties. The information on (xc iirrence and colour 
of geiiMpialiiy minerals is siimmari/ed in 'fable i. 
The gem minerals, with the exception of opal, are 
all crystalline in nature. The non-gem grouj) 
includes: (/) crypiocrvstalline forms, vi/. hurrstone, 
flint, and chert : (//) the granular or clastic materials 
such as .sand and gravel, .sand. stone, and (piart/itc : 
and (Hi) amorphous minerals like diatomaceoiis earth 
and tripoli. 

Burrstone is a while, grey, nv yellowish, hard 
chalcedonic porous abrasive material : it occurs in 
large masses. Mint ami chert are very com|)act crypio- 
cry.stalline forms, usually of organic origin, occurring 
as nodules. 

Sand and gravel are unconsolidated aggregates of 
highly siliceous grains of varying .sizes with fluctuat- 
ing amounts of ditferent impuritii's. The finer 
aggregates are known as sand and the coarser ones as 
gravel. Sands are used for various purposes and are 
known accordingly hy their trade names such as 
Building. Sand. Burnishing Sand. Filter Sand, 
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l^'iirnacc Sand, Glass Sand, and Moulding Sand. Tlicy 
will be dealt under the title Sands. Glass Sand has 
already been dealt with separately in With India — 
Raw Materials, IV, 131. 

Sandstones are sedimentary rocks consisting o£ 
sand grains cemented by silica, iron, lime, etc. to 
varying degrees of compaction. They arc mainly used 
as building material and have been dealt with under 
Building Stones (With India — Raw Materials, I, 235). 

Quartzite is tlie characteristic product of meta- 
morphism of sedimentary or igneous siliceous rocks 
and is found in massive or granular forms. 

Diatomaceoiis earth is formed from the deposits 
of skeletons and shells of siliceous organisms like 
diatoms, and tripoli is produced by the alteration of 
chert or hy the decomposition of limestone contain- 
ing high proportion of silica. The former is found in 
beds and the latter is met with as layers in compact 
limestones (Ladoo & Myers, 185, 561). 

Large (|uamities of (juartz and silica are produced 
all over the world, but the electronic grade crystals 
arc obtained mainly from Brazil. Gem-quality 
minerals of quartz arc obtained from Brazil, U.S.A., 
U.S.S.R., South Africa, Ceylon, Kgypt, Switzerland, 
(Germany and France. Brazil, Mexico and Czecho- 
slovakia are important producers of opal. India is an 
important .source of semi-precious varieties like 
chalcedony, amethyst, rock crystal, and (»pal. Con- 
siderable amounts of lower-grade silica are also mined 
in the country for use in glass, ceramics and other 
industries (Mellor, VI, 137 ; Jahns in Gillson vl al., 
4oy-i I : Ladoo & Myers, 428 -2(; ; ludiau Miner. 
Ycarh., 1964, 717). 

Di.sTRiBirnoN 

i.VW MINKKAL.S 

Rock crystal occurs in abundance in most parts of 
the Indian Union. Good crystals (weighing up to 
c. 9 kg.) have been found at Tankara (22^40': 70” 48') 
in Gujarat and worked by the lapidaries of Cambay, 
'fhey are also found in vein cpiartz in the Rengdang 
gorge (26 °i 9':93°39') in Mikir hills and North 
Cachar, Assam. Pebbles of rock crystal, smoky c|uartz, 
citrine and cairngorm arc collected as Vellum stones 
from the beds of streams traversing the Cuddalore 
sandstones and are worked at Thanjavur and 
Tiruchchirappalli into watch glasses, spectacle lenses 
and other ornamental and useful articles. Milky 
and smoky quartz occur in geodes of Rajmahal 
Traps in Santal Parganas. In Orissa, large semi- 
transparent crystals have heen found near Tarabha 


TABLE l-COLOUR AND OCCURRENCE OF 
GEM MINERALS OF SILICA^ 


Mineral 

Colour 

Occurrence 

Pheuovrystalli mc 

Rock crystal 

lion r less 

J3i.stiiict crystals, pri- 
mary ; also secon- 
dary infillings in 
gecKles 

White or Milky 
(|uart7. 

White 

Vein quartz, often 
gold-bearing 

Rn>wn f|iiart/. 

Light brown to 
black 

Debris of weathered 
granite, also gravel 
lK*ds 

Morion 

Black 

do. 

Cairngorm 

Reddish to yellowish 
brown 

do. 

Smoky quartz 

Smoky brown 

do. 

Citrine 

Light golden yellow 
to reddish yellow 

(travel beds 

Amethyst 

Faint mauve to 
glorious purple 

III cavities 

Rose quartz 

Pink 

In pegmatite dykes 

t’at’s eye cpiartz 

Honey-yellow, 
brownish to 
grey-green 

(Iravel beds 

Crocidolite 

Yellow to golden 
brown with golden 
silky lustre 

In veins 

Aventurine 

Cryptocrystalliuf 

(Chalcedony) 

Oreeii 

Onart/ites 

Agalc 

Differently coloured 
bands ; also dend- 
ritic 

In geodes and gravel 
beds 

Onyx 

Banded with black 
& white layers 

do. 

Sardonyx 

Banded with red &' 
while layers 

do. 

Ohrysoprasc 

Lovely apple-green 
to dingy-greenish 
yellow 

In serpentine ; gravel 
beds 

Prase 

Dull green 

Gravel beds 

Plasma 

Dark green with 
white or yellow 
spots 

do. 

Blood stone or 

1 leliotrojx'. 

Plasma with bright 
red spots 

do. 

Carneliaii 

Flesh -red to deep 
red 

do. 

Sard 

Yellowish & brown- 
ish red 

do. 

Jasptrt 

.1 morplwus 
(hydrated) 

Yelhiw, brown, red, 
or green 

do. 

Opal 

Red, green, blue, 
through all the 
shades of spectrum 

In veins, crticks it 
cavities 


♦ WH)sicr, I, 158-91 ; Weinstein, 93, 178; Dana, 472. 

1 1 lelerogenous mass of cryptocrystallinc .silica pigmented with 
colourful minerals. 



(2o® 44"*^4°>«) Baudh-Phulbani ; they have also 
been reported from Bijkomar (20^40' : 83^31'), 
Baidipali, Gandrail (near Bolangir), Sagriaghat 
(20° 20' : 83° 1 4'). Pandri (2 1 ° 1 o' : 84°o6'), Koinsar 
(21^15'; 84^07'), Bhariinura, Jugomura, Bhoipali 
(2 i°26':84®o 4'). Mcghpal, and Satasama. Rock 
crystals have been obtained from near Bakarapat 
(*3^39 • 79° *0) Chiitoor, from Konjora (22^45': 
84°46') in Ranchi, from Aiirangpur (28^28' : 77® 16') 
near i)elhi, and from Mujrakundi (23'* 18' 187^01') 
and Balidiimdiimi in Bankura, West. Bengal. In 
Rajasthan, rock crystals have been recovered from 
Daosa in Jaipur, Nawai (26°22': 75^59') and Hathona 
in "I'onk, and Bhanna Chowki in Kishangarh 
(Chatierjee, 184 ; Coggin Brown & Dcy, 626). 

Rose (quartz occurs in veins at Kodur (18® 16': 
^3°36') and as loose crystals in gravels at Sadananda- 
puram (18® 14': 83^37') in Andhra Pradesh. It is 
found near Warangal (17^57': 79^41^ where it is used 
for the preparation of cheap ring stones and jewellery. 
Beautifully tinted rose quartz is found in the 
pegmatites of mica belt near Parasabad in Ha/aribagh 
district of Bihar. It is also reported from Reda (23^55' : 
73°oo') in Sabarkantha, Gujarat; Khairi (2i°32': 
78^53') and Dudhara hill (2 1^30': 78^57') in Chhin- 
dwara, Madhya Pradesh ; and jariana in Dimgarpur, 
Rajasthan. Rose cpiartz veins have been recorded near 
Rangia Tikra (21^51': 84® 17'), Ghichainura (2i®46': 
84 ®o 6') and Burhia Kata (2 1 ® 18' : 84®o8') in Sambalpur, 
Orissa (Chatterjee, 184-87), 

Amethystine cjuartz is found in the cavities and 
veins of some of the quartz reefs in Biindelkhand 
granites near Bagaiid (22® 20'; 75® 53'), and is cut into 
studs and buttons at Indore. Small amethysts occur- 
ring in Deccan Trap geodes arc collected from the 
bed of Narmada river near Jabalpur and are used for 
jewellery and beads. Amethyst occurs near Andar 
(25®32': 78® o 6') in Shivpiiri ; and near C'hitai {26^0^ : 
78°39'). Gangari (25®36': 78®28') and Chandeva 
(25°42': 78®32') in Daria. In Andhra Pradesh, beauti- 
ful amethyst is found at Bowenpally near 
Secunderabad : it occurs in granites near Hyderal)ad 
and also about 96 km. north of it at Bekonenpett. It 
is found at Koilkuntla (15® 14': 78® 19') in Kurnool. 
Geodes of quartz lined with crystals of amethyst 
occur near Burhait (24®53':87°4o') in Santal 
Parganas. Occurrence of amethyst has been reported 
from north of Kishangarh (26®36': 74®5i'), Rondeil 
(27®i4':75®53') and Samod (27®i2':75®48') in 
Rajasthan ; near Kangayam (ii®(x)':77®34^ in Coim- 
batore, Madras ; at several localities in Sutlej river 


QUARTZ AND SILICA 

valley in Himachal Pradesh ; in Zaskar in Jammu 
and Kashmir; and near Kollcngodc (io®37'; 76°4i') 
in Kerala (Chatterjee, 168-69). 

Cat*s eye quartz is found on and near the base of 
Bowa Gorcc and Bow'a Abbas hills near Ratanpur 
(2i®43':73°ii') in Gujarat; in the bed of Krishna 
river near Palnad in Andhra Pradesh, and near 
Cochin and Quilon in Kerala (Chatterjee, 184). 

Aventurinc quartz of green tint is obtained from 
Mysore. Rich bluish green material is found near 
Bclvadi in Hassan district and a banded type 
nearby Sindagere. Aventurine occurs in blocks on a 
low ridge near Metra (*5° : 76®37') in Bellary 

district. A coarse grained cjuartzite of delicate pale 
aquamarine-green colour banded with deep purple is 
found at Nellore in Andhra Pradesh. It also occurs 
in Coimbatore district of Madras (Webster, I, 172- 
73 ; Iyer & Thiagarajan, RulL geo/. Surv. India, Ser, 

A, No. 18, 1961, 64). 

CiiAu:KDO.\y is the name given to the type material 
of cryptocrystallinc silica including agate, carnclian, 
onyx, plasma, bloodstone, chrysoprase, jasper and 
others. Chalcedonic silica commonly occurs in India 
in the cavities of volcanic rocks of the Deccan, the 
Rajmahal, and the Panjal Traps. These minerals arc 
generally collected as pebbles from the. gravel beds of 
the rivers draining the areas. 

Agate of good (piality. is found in Gujarat in 
Ranpur (22°2i': 7i®46'), Ratan|)ur (2i°43': 73® 1 1') 
and its vicinity, Ka])advanj (23°02' : 73®o8'), and 
Khijaria near Tankara (22®4o': 70°48'). The material 
from these sources is used by the lapidaries at 
Cambay. Agate occurs in Gohihvad area, Jiinagadh, 
eastern Kutch, and in river terraces in the neighbour- 
hood of Veratia (22®23': 70®26'). In addition to 
Khijaria. moss agate is obtained near I^tipur 
(22®37' : 7»”35')' Badanpur (22®47' ^ 7f>“4«') and 
Khakhra (22"22 :7o®'^o'; Agate derived from the 
Narmada valley at Bheraghat or the Marble rocks 
(23®o7': 79®5i') is used by the lapidaries at Jabalpur. 

In Madhya Pradesh, it also occurs near Nimach and 
Bhopal, in the Johilla valley in Shahdol and in the 
Deccan Trap areas of Dhar. Agate used for the manu- 
facture of beads, signet heads, paper weights, etc. is 
obtained from Aurangabad. Paithan (i9®28': 75®23') 
and Ballarpiir (i9°5*'* 7y°-<0 Maharashtra. 

Agate has been collected in Andhra Pradesh from 
the bed of the Godavari river in the areas around 
Rajahmundry, and near Piingadi (i7®oi':8i®39'), 
and in the alluvium of the Krishna river in Palnad. 

In Bihar, nodules of agate occur near Burhait 
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(24 53': 87^40') and neighbouring localities. It is 
found in river beds, and near Bayana and Buneerali 
(24®26': 73°44') in Rajasthan. In Mysore, agate is 
obtained near Yanagundi (i6''48': 77"’()8') in (hiibarga 
and around a few villages in Ilassan. It is reported 
from the Roherlsganj (24^^41' : 83^03') lahsil of Mir/a- 
pur, Uttar Pradesh; Bamangliati (22^ 13': 86"^ 10') 
sulwlivision in Mayurbhanj, Orissa : and near Rudok 
and to the north of Pangong lake in Jammu and 
Kashmir (Uidoo & Myers, 420; Dana. 472: 
Chatterjec, 165 : With India — Raw Materials, I, 36). 

Carneliati occurs along with other chalcedonies in 
the Rajpipla area of Gujarat ; in the bed of the 
Godavari around Rajah mundry in Andhra Pradesh ; 
in the Deccan Trap areas of Dhar in Madhya 
Pradesh ; in the beds of Banas and other rivers in 
Rajasthan ; and near Rudock and north of Pangong 
lake in Jammu and Kashmir. In Bihar, it is found 
near Chumpar Pahar near Duhrajpur (24^24': 87^27') 
in druses in traps (Chatterjec, 165-^8). 

Onyx is abundant near Vijarkhi (22*^25' 170^ 14') 
and Khokhari (22°23': 7o”28'). in bedded lavas in 
Malar, and occurs in the Rajpipla area of Gujarat. It 
is found in the alluvium of the Krishna in Palnad, 
Andhra Pradesh ; and in the beds of Banas and other 
rivers of Rajasthan in association with agate and 
other chalcedonies (Chatterjee, 165 -68, 183). 

Plasma occurs in the Rjijpipla area of Gujarat and 
in trappeaii rocks of Bhopal and Aurangabad with 
other minerals of chalcedonic silica (Chatterjee, 166). 

Heliotrope (Blood stone) along with other chalce- 
donies, occurs in the Rajpipla area of Gujarat, and 
Johilla valley in Madhya Pradesh. In Maharashtra, 
it is found in trappean rocks of Aurangabad and 
Govilgarh hills in Amraoti ; the river Miita-Mula in 
Poona is noted for the production of fine specimens 
of blood stone (Chatterjee, 166-68). 

Clirysoprase is obtained in Rajpipla area of Gujarat 
from agate-bearing conglomerates along with other 
varieties of chalcedonic silica (Chatterjee, 166). 

Jasper with brilliant red streaks or spots is found 
near Tankara (22^40' : 70^48') and is worked in the 
lapidaries of Cambay ; it is also reported from 
Rajpipla area. Attractive specimens of both green and 
red varieties arc found in Bihar in the iron ore series 
of South Singhbhum. Jasper is common in the 
Dharwar and Bijawar formations throughout the 
peninsula, and the pebbles derived from them are 
found in river beds. Near Timappaghar, in the 
Sandur taluk of Bellary, Mysore, there are 90 to 
120 m. high cliffs of beautiful vivid red and 


juirplish grey banded jasper-hematile which could b, 
easily (piarried. Kx!ensi\e occurrence of jasper in 
association with (piart/ite is met with in Mir/apur. 
Uttar Pradesh, between .Agori (24^33' 182 “58') and 
'Pitihidar (24^31': 82' 44'). Jasper pebbles along with 
other chalcedonies are collected from the bed of th< 
Godavari around Rajahmimdry in Andhra Pradesh, 
and that of Banas in Rajasthan. 1 'hey arc also found 
in the trappean areas of Madhya Pradesh and 
Maharashtra (C'hatterjee, 165 68, 182 ; Coggin Brown 
& Dey, 624). 

Opal is of common occurrence in the manganese 
mines of the Srikakiilam district, Andhra Pradesh. 
Good opals are found at Kodur (18° 16' 183 36') and 
Kotakarra (i8''22':83°33'), and also near the city of 
Hyderabad. Opal occurs in Rajmahal hills in Santal 
Parganas ; masses up to 30 to 60 cm. in diameter have 
been observed near Sahibganj (25"' 14' : 87 "318'), Bihar. 
In Madhya Pradesh, amygdules of white opal exhi- 
biting variegated colours and pearly lustre occur in 
the traps near Gau-Ghatto on the Newaj river, and 
also scattered near Sedrah, Banakheh, and Karkori. 
In Maharashtra, very line specimens of milk-white 
opal with a llame coloured iridescence have been 
obtained on the banks of Sina river between Andar- 
gaon (i8"‘o 2': 75^38') and Panda (18” 16': 75 31') in 
Osmatifibad. Opal bas been reported from Govilgarh 
in Amraoti, and Kandri (21 "25': 79^20'). Kodegaon 
(2i°25':7y°oi') and Sitabaldi (2i°o9': 79”«>5') in 
Nagpur. Flame opal also occurs in ferruginous 
gravels near Rajpipla in Gujarat. Wood opal and 
milky white opal, replacing tree stems, occur near 
Alundalippur and Malvay near Ariyalur (ii°o9': 
79^05') in Madras. Massive milk-white opal is found 
near Srinagar (26'’26': 74^50') in Ajmer, Rajasthan. 
In Orissa, opal is reported from Boirani (i9°35': 
84^49') in Gan jam ; and brown opal is found in small 
seams with serpentine at Rutland Island (ii®25': 
92^40') in Andaman and Nicobar Islands (Chatterjee. 
183-84). 

NON-GEM MINERALS 

Massive quartz commonly occitrs in cpiartz veins 
and pegmatites. It is found in localities too numer- 
ous to be detailed. Large quantities arc mined in the 
States of Andhra Pradesh, Bihar and Rajasthan. In 
Andhra Pradesh, considerable quantities of pure vein 
(juartz are extracted from mica mines in Ncllore dis- 
trict and large quantities of milky white material are 
available at number of places in Kumool. Vein quartz 
is obtained from several localities in Hazaribagh and 





Singlibluiin disiiic ts of Biliar : aiul it may be had as 
a by-product of mica mining from pegmatites in 
Koderma and other localities. In Rajasthan, it is 
mined from deposits near Jaipur and Ajmer, and is 
available in several |)laces in Pali. GtKxl deposits of 
reef (|uart/. occur at Laiiieia (ihat in Jabalpur. 
Madhya Pradesh. Quartz of special purity has been 
observed in veins in Sanibalpur and Koraput in Orissa. 
Vein <|uartz is obtained in Tiruchchira])palli district 
of Madras State, and in Bangalore, Gulbarga and 
Shiinoga districts of Mysore. It has been reported 
from Bankura and Purulia in West Bengal 
(Chaiierjee, 417-22: Coggin Brown ^ Dey, 389; 
Induni Miner. Yearh., 1964, 711). 

Quartzite is common in Archaean, Dharwar and 
older Purana systems. It consists of granular inter- 
locking mass of (juartz crystals with irregular bound- 
aries. Quartzite useful in refractories is found in 
Canjain, Koraput and Sambalpur areas of Orissa, 
near Monghyr in Bihar, and also in Delhi area 
fChattcrjec & Majumdar, Indian Ceram., 1955-56, 2 ^ 
141 ; Minhas & Bhaskar Rao, NML Tech. /., 19^9. 
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Quartzites suitable as building stone and road 
metal occur practically in all the States of the Indian 
Union. They are dealt with separately under Building 
Stones and Road Metal respectively (see With India 
-Raw Materials, Vol. I and Vol. IX). 

Flint and Chert occur as nodules and masses in 
limestones, and as pebbles in river gravels. In Andhra 
Pradesh, flint pebbles have been obtained from the 
bed of the Godavari river near Rajahmundry and 
from the river gravel 3.2 km. east of Verhadur Droog 
in Kurnool. They have been obtained from Biirhait 
and along the streams in the neighbourhood of iron- 
ore hills in Kolhan and Dhalbhiim in Bihar. Flint 
pebbles occur near Ratanpur (2i°43':73°ii') in 
Gujarat ; in Pulko hill near river Ken in Chhatarpur, 
Madhya Pradesh ; and on the left bank of Riband 
river between Chakari (24^28': 83^01') and Kheona 
(24°3 i':83°oi') in Mirzapur, Uttar Pradesh. A band 
of flints, resembling those of the Chalk formations of 
Europe, occurs in clays and shales near Coorchy- 
colum and Senderai in the Tiruchchirappalli 
district of Madras. Beds of pure white chert 
occur in the iron-ore series, particularly to the 
north east of Jamda (22® 10' 185^26') in Bihar; 
pebbles from these deposits, suitable for use in grind- 
ing mills, arc found strewn along the streams drain- 
ing the area. Beds of impure chert are abundant 
north of Chandil (22°57' ; 86^04') in Singhbhum 
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(Dana, 473 : Coggin Brown ik Dcy, 463 ; Chaifcrjcc, 1). 

Burrstone used as millslone, has noi been reported 
to occur in India. The indigenous millstones arc made 
from sandstones. 

Diatomaceous earth of low grade is known to 
occur on C’amoria and Trincutie islands of the 
Nicobar grouj). A commercially unimportant deposit 
occurs near Timmayyapalam (16^03' : 79 ''40') in 
Andhra Pradesh. Deposits of sih containing diatoms 
have been located near Nerrakal and Alleppey on 
banks off the Kerala coast and on the banks of 
Buckingham Canal bordering the Pulicai lake north 
of Madras. Tripfffi or tripolite has not been found in 
India [Coggin Brown & Dey, 464 ; Chatterjec, 145 : 
Sahni, Rec. frcol. Sure. India, 1942. 76 (i 2 ). 19]. 

MiNixt; AND Treatment 

Vein quartz and silica sand arc mined by open-cast 
method. The tendency of quartz crystals to fracture 
readily and their unpredictable distribution make- 
mining with explosives and heavy machinery uneco- 
nomical. The quartz obtained as by-product of mica 
mining mostly comes from umlergrt)und mines. 
Quartz, mined along with other minerals, is broken 
into pieces and hand-sorted. Pebbles are individually 
picked from river gravels and sold to lapidaries or 
their agents. Agate pebbles after being cleaned by 
chipping, are left in the sun for a couple of months, 
and then heated to a certain temperature before 
dispatch. Heating removes any cloudiness and inten- 
sifies colours. 

SihVa sand is generally screened and washed to 
remove clayey matter before it is used in industry. 
Massive quartz is generally heated before crushing ; 
heating helps in dry crushing the hard material 
[Indian Miner, Yearb,, 1964, 712 ; Wacschc in Gillson 
et ah, 689 ; Desai, Indian Min. & Flngng /., 1967, 

<('). 35l- 

Properties and Uses 

GEM MINERALS 

Rock crystal (Hindi— suryakantamani, 
sitamani) is almost pure cpianz, crystallizing in 
colourless transparent crystals, in rhoinbohedral 
trapezohedral class of hexagonal system. It is the 
only colourless stone found in abundance ; the size 
of the crystals varies from minute to gigantic ones 
weighing more than 450 kg. Rock crystal possesses 
neither planes nor a centre of symmetry, but only 
axes of symmetry. The crystal exhibits pyro-electric 
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properties and gets positively and negatively charged 
on alternate prism edges with change in tempe- 
rature. When a rock crystal is subjected to mechani- 
cal pressure, piezo-electricity is produced. Controlled 
pressures and electric charges produce vibrations of 
great frecjucncy, and these can be amplified. Very 
rapid oscillations of electric charges applied to the 
faces of a section of piezo-quartz cause very sharply- 
defined vibrations of supersonic frequency. In rock 
crystal, the atoms of silicon and oxygen are arranged 
in a spiral form, which gives to the material jiower 
of rotating polarized light. Rock crystal is transparent 
to ultra-violet rays (Weinstein, 179 8o; Webster, I, 
161 ; Deer el al., TV, 184). 

Rock crystal has been valued as a raw material for 
the fabrication of art objects. However, its modern 
application in electronics far exceeds all other uses 
in importance. High quality crystal weighing more 
than 50 g. is utilized for a variety of purposes. It is 
used in the preparation of precision, electronic, and 
frequency control components including oscillators 
and filters used both in radio and telephone services. 
It is used in the control of accurate clocks, under- 
water signalling, acoustic anti-submarine devices, 
range and direction finders and seismographs. The 
application of quartz crystal as a transducer in ultra- 
sonic devices has increased despite strong competition 
from barium titanate and magnctostrictivc devices. 
Quartz crystal is fabricated into delay lines for use 
in radar (Wacsche in Gillson el aL, 687 ; Webster, I, 
163 ; Parthasarathi el ah, Def, Set. /., 1959, 9 , 94). 

Synthetic quartz crystal —Only the finest rock 
crystals are suitable for electronic uses ; they must be 
free from cracks, flaws, irregular growths, and inclu- 
sions, and also from optical and electrical twinning. As 
the supply of natural rock crystals from Brazil dwin- 
dled and their demand increased, a process known as 
hydrothermal process, for the production of synthetic 
quartz crystals was developed in the Bell Telephone 
Laboratories, U.S.A. Clear, pure quartz chips and 
small crystals not meeting the dimensional require- 
ment of electronic grade crystals are used as a source 
material. Synthetic (quartz crystals can be produced 
in any quantity and size. By precise cutting of the 
seeds, the crystals may be grown in configurations 
that allow more efficient sawing and shaping 
operations. 

The crystal faces of the synthetic product allow 
easier orientation of the stock for cutting into crystal 
units. Synthetic quartz crystals arc free from the 
foreign material usually found in natural quartz, and 


can be produced without optical or electrical twinning. 
They are now l>eing commercially produced in several 
countries of the world. In India, synthetic quartz 
crystals (wt., c*. 7 g.) of about 2.5 cm. diameter have 
been developed at the Central Glass and Ceramic 
Research Institute, Calcutta, from polycrystalline 
aggregate of high purity quartz [Coggin Brown & 
Dcy, 625; Times Rev. hid., N.S., 1961, 15(175), 79; 
Wacsche in Gillson et ah, 687 ; Bandyopadhyay & 
Saha, Res. & bid., 1966, 11 , 78 ; Cliem. Weekly, 1965, 
10(20), 24]. 

Optical (|uartz is a clear rock crystal usually in 
pieces of 500 g. or more. It must he flawless, free from 
strain and optical twinning, but not necessarily from 
electrical twinning. Optical quartz is employed for 
the lens systems of microscopes using ultraviolet 
light to obtain great resolution, and in the lenses and 
prisms of the spectrographs. It is used for wedges in 
petrographic microscoi)es and components in quartz 
refraciomcters (Ladoo & Myers, 422 ; Webster, I, 163 ; 
Waeschc in Gillson et ah, 687). 

Since large crystals of optical (juality are scarce, 
high grade fused-quartz free from all defects and 
impurities except electrical twinning is used for the 
fabrication of optical components. Clear fused-quartz 
is a water clear, colourless product made from care- 
fully sorted discards of radio-gratlc rock crystals. It 
is used for optical systems, ultraviolet transmission 
tubes, cells, and lenses, high tension electrical 
insulators, torsion suspension in scientific instru- 
ments, and chemical laboratory ware. Vitreous silica, 
fused-silica or translucent fuscd-(|uartz, are trans- 
lucent or opaque types made from silica sand. They 
have lower density, lower mechanical .strength, and 
greater porosity than fused-quartz and are used for 
less critical purposes (Ladoo & Myers, 423 ; Waeschc 
in Gillson et ah, 687). 

Rock crystal takes a good polish ; though limpid 
and pure it lacks “fire”. Because of its abundant 
availability it is low priced. Cut into faceted stones 
and as beads it is worth little more than the cost of 
cutting. Rock crystals can be easily coloured. Large 
crystals arc carved into large pieces of art. In India, 
rock crystal has been used for making urns, caskets, 
vases and pitchers since 4th century B.C. Rondells, 
the small flat beads used for separating coloured 
stones in necklaces, are usually made of rock crystal, 
and the halves of composite soude emerald are usually 
pieces of rock crystal, often selected for the natural 
flaws they contain. Rock crystal is ground and 
polished into crystal-gazing balls, which are also made 
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from ghiss. A rock crystal ball feels much colder, and 
shows double vision of a dor when looked through 
it except along its optical axis (Webster, I, i6i ; 
Weinstein, 179-82 ; Coggin Brown & Hey, 625). 

White quartz or milky quartz is a product of 
inclusion of gases or licpiicls in minute cavities of rock 
crystal, displaying chromatic effect when viewed 
from certain angles. Sometimes the milkiness is only 
superficial. Much of the vein (|uart‘/ is white (piartz 
and is often gold-hearing. The material containing 
gold grains has been cut as plates or cabochons. 
Milky (|uartz resembles moonstone, and is sometimes 
used for pendants and necklets. It can find wide 
application in so-called fashion jewellery because 
its colour matches well with other stones (Weinstein, 
182 : Webster, I, 164). 

Brown quartz contains the two-phase negative- 
crystal cavities in which the lii|uid phase is usually 
carbon dioxide as inclusion. It shows (piite a distinct 
dichroism, one ray being brown and tlie other pinkish 
brown. Its colour is generally ascribed to a colloidal 
distribution of silicon atoms or the presence of 
organic carbonaceous matter in rock crystal. 

Brown cpiart/. varies in colour from light brown to 
almost black. Brown i|uartz with smoky tinge is 
called Smoky (piartz. On heating the colour of brown 
(|uart/ is usually lightened, the final hue depending 
on temperature anci the duration of treatment. Very 
dark (piart/ is known as Morion and is not much 
valued as cut stone. Reddish brown or brownish 
yelKnv (piartz is called Cairngorm or Scotch topaz 
(Webster, I, 165 ; Weinstein, 182). 

Yellow quartz, also known as Citrine or False topaz, 
varies in colour from a light golden yellow to a 
reddish yellow ; the colour is probably due to the 
presence of a trace of ferric oxide. It shows |)erce|j- 
tible dichroism. Citrine is a cheap stone used in 
jewellery. Natural citrine being fairly scarce, the 
majority of stones in the market are produced hy 
heat treatment of brown (|uartz and amethyst 
(Webster, T, 165 ; Weinstein, 184-85). 

Amethyst (Hindi — Nil mani) is a prized (piartz 
mineral showing a remarkahle twinning, and ranges in 
colour from a faint mauve tint to a glorious purple. 
The origin of its colour has been variously attributed 
to manganese, potassium ferrocyanidc, ferric cyanide, 
an organic substance, concentration of molecules of 
different minerals along the contact zones of twinned 
lamellae, iron in a colloidal state, or titanium. Much 
ameihy.st is parti-coloured, and sections cut at right 
angles to the vertical axis are often seen to have 
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alternate triangular sectors, coloured a strong violet 
while other alternate sectors are almost colourless ; 
thus in a cut stone, colour-breaks with an angle of 
about 60® or straight banding, arc common. 

Amethyst shows distinct dichridsm, the twin 
colours being bluish violet and reddish violet ; this 
dichroism is absent in brown heat-treated stones. 
Under the Chelsea colour filter, amethyst appears 
reddish in colour. Amethyst is popular in jewellery 
and good cpiantiiies of it are shaped into ring stones, 
seals, brooches, beads, pendants and necklets. Massive 
amethystine cpiartz usually with heavy flaws is usetl 
for carving. Imitation amethyst is prepared from a 
low refnictive index glass w'ith pronounced swirl 
marks, and from suitably coloured synthetic corun- 
dum (Webster, I, 166-71 • Weinstein, 185 -88). 

Rose quartz is less common, varying in colour from 
almost white to pink. It is usually massive and cloudy 
with fi.ssures. Its colour is considered to be due to 
either titanium oxide or manganese. It shows fairly 
strong dichroism in deeper lined material. Rose 
(piartz has poor colour ap|)eal, and its colour fades 
w^hen heated or exposed to strong sunlight. It is 
mainly used for carving figurines, ash trays and small 
objects of art. Rose (piartz is also artificially stained 
(Webster, I. 171 : Weinstein, 18(9). 

Cat's e\e quartz (Hindi Lahsuniya, vidalaksh 
mani) is an opa(pie greenish or greenish hrown stone 
in its natural form, and may closely resemble the 
cbrysoberyl cal’s eye when cut to show the cat’s eye 
streak of light, the colour of the cut stone ranging 
from honey yellow, brownish to grey-green. Cat’s eye 
cpiartz owes its chatoyancy to a multitude of fibres 
of a fine asb(‘stos oriented parallel to the principal 
axis of host (|uartz. It is often stained dark blue or 
pink. It is used for making seals, handles of sticks 
and umbrellas, boxes, and popular jewellery (Webster, 

I, 172 : Wein.stein, 188). 

Crodilolite quartz (Tiger’s eye cpiartz) is a fibrous 
variety of (piartz of a brownish yellow colour some- 
times with a blue tinge. It is a siliciiied pseiidomorph 
after crocidolite-aslieslos, showing the cal’s eye effect 
when properly cur. On heating, it changes colour 
finally yielding a red stone. It is sometimes dyed. 
Crocidolite material is u.sed for making flat plates, 
beads, cabochons, and cameos. 'I’lie surface of this 
subtranslucent to opaipie, yellow to golden brown 
stone, with a golden silky lustre, shows a series of 
lustrous yellow bands alternating with brown banding 
which reverse in colours as the stone is turned 
(Weinstein, 189; Webster, I, 172). 
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Avcnhtritw quartz is a massive, oj)a(|ue. dark green 
stone having inclusions of platy crystals of green 
chrome mica or an iron mineral ; it exhibits a 
shimmer. India supplies most of the green aveimirinc 
(|uart/ of commerce, also known as Indian Jade. 
Chinese hold this stone in high esteem. In western 
countries, it is regarded as being of little value. 
Aveiiiurine is used for carved ornaments and beads ; 
however, large pieces of good (.piality are compara- 
tively scarce. An imitation of the reddish brown 
aventurine, called Coldstone, is made in Italy by 
introducing flakes of copper in molten glass. It is 
fashioned into cheap jewellery and ornaments for 
tourist trade (Webster, I, 172 : Weinstein, lyo). 

Agatr (Hinui— UoottY/, akik) is banded or dendritic 
variety of chalcedony with a waxy lustre. The bands, 
broad or fine, run parallel to each other, straight, 
wavy, or /igzag, and are generally concentric : the 
porosity of layers facilitates artificial colouring. 
Dendritic agates (Moss agate or Mocha stone) contain 
tree-like patterns of mineral inclusions usually manga- 
nese dioxide, iron oxide or chlorite. Indian moss 
agates are considered to be of fine (|uality. The colour 
in banded agate may vary from layer to layer yield- 
ing milk-white, yellowish, reddish, brownish, and 
sometimes bluish and greenish shades. Agate is 
carved in a variety of ornaments like necklaces, rings, 
amulets, ear-rings, brooches, wristlets and beads. It is 
also made into articles like fulcra for delicate 
balances, small pestles and mortars, ink stands, clock 
faces, knife handles, and calendars. Agate pebbles 
have been used as grinding stones in ball mills 
(Webster, I, 178: Weinstein, 192: Sahni, Indian 
Miner., 1948, 2, 2^1 : With India -Raw Materials, 
I, :/)). 

Onyx (IIiNDL Gomed, f^ontedak) is agate usually 
with lilaek and white as alternating colours. If the 
alternating bands are red and white the stone is 
known as Sardonyx. Onyx and sardonyx are carved 
into cameos, cups, and vases. The black onyx of 
jewellery is stained chalcedony (Webster, I, 177 ; 
Weinstein, 195). 

Chrysul^rasc is the most prized of chalcedonies 
ranging in colour from lovely apple-green to dingy 
greenish yellow, the colour being due to the presence 
of nickel either as oxide or silicate. Chrysoprase is 
usually cut in cabochons. beads, seals and cameos. 
Chalcedony with a multitude of hair-like crystals of 
actinolite gives a dull green stone called Prase. With 
mass of chlorite as inclusion chalcedony produces 
Plasma, a dark green stone speckled with white or 


yellow spots. Plasma is translucent to oj)a(pie and i,s 
sometimes cut for jewellery. When jasper colours the 
spots of plasma bright red, the stone is called Blood 
stone (I leliotroj)e). the popular .seal stone. Indian 
blood stone from i)eccan Trap rocks is considered the 
be.st. Blood stone is carved and mounted in rings 
(Web.ster, I. 175-78 : Weinstein, 198-99). 

Carnclian is a translucent brownish red or flesh-red 
chalcedony. The colour may be due to the inclusion 
of hematite. It may have developed through the 
heating effects and ultra-violet radiations from sun- 
light and exposure to moisture over long periods of 
time. Most of the commercial carnelian is stained or 
heat-treated. 

Carnelian is used for beads, cabochons. ring stones, 
brooche.s, pendants, and ear-rings. (Carnelian carvings 
of China are con.sidered to be of fine (jiiality. 'I’he 
stone is cut in India into beads, cups and vases ; it 
is generally untreated and pale in colour. When the 
inclusion in chalcedony is limonite. the stone .shows 
yellowish and hrowni.sh retl colour, and is known as 
Sard. Greeks and Romans u.sed it for engraved 
intaglios and .seals. Sard is not attractive and is 
.seldom u.sed in jewellery (Weinstein. 196-98 ; 
Webster, I, 177). 

Jasper (sp. gr., 2.58-2.91 : II., c. 7) is an opa(|iie. 
cryptocrystalline, massive, compact (piartz containing 
many impurities. Its colours, dark red. brown, yellow, 
green, or grey, are rather dull and emanate from tin* 
inclusion of ferric oxides, iron silicates and clay. It 
is used to imitate lapis lazuli, hut due to the variable 
poro.sity the blue colour is not uniform. 'I'he inferior 
material produced is sold as Swiss Lapis. Jasper is 
usually used for larger decorative work : brecciated 
jasper takes a good polish and is used for ornaments. 
Basanite is a velvet-black flinty jasper with a line 
grain, and is used by jewellers for testing ])recious 
metals (Weinstein. 198 : Welvster, I. 182 : Dana, 473). 

Opal (IIi.NDi — Dhudia pathar) (sp. gr., 2.19; II.. 
c. 6: 1.45) is hardened silica-gel with 6 10 per 

cent of water in precious varieties which are the most 
highly prized of silica gems. Its characteristic play 
of colours, ranging over all the shades of spectrum, 
makes opal a iiiii(jue stone. Being relatively soft, opal 
is easily .scratched and has a tendency to crack or 
break. It is damaged by acids, alkalies or even by 
hot water. However, handled and worn with care it 
lasts almost indefinitely and can be easily repolished. 

Of the four types of opals employed in jewellery, 
black opal with splendid mass of red or green flashes 
against blackish background ranks in beauty and 
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value with precious gems. Fire opal is transparent to 
translucent with ati orange to red Ixxly. White 
opal shows line play of colours against a light 
white backgrounil, and the water opal hrilliant 
flashes of hues in water-white stone. Hyalite is a 
colourless transparent variety of opal. Uniler ultra- 
violet light white opal exhibits luminescence varying 
from white to bluish, brownish or greenish, with 
often a persistent green phosphorescence ; black opals 
are generally inert. 

Opals are calx^hon cut and faceted for setting and 
used as centre stones of pendants and brooches. They 
may he used for cameos. Thin strips of gootl opal 
are reinforced by poor (]uality opal or onyx, resulting 
in ati opal doublet, which is shaped as (»nc stone. 
Opal triplets are also made and a niiinher of opal 
pieces are cemented together and worked into heads 
(Weinstein, 93 : Webster, T, 184). 

non-(;km .minerals 

Massive quartz, quartzite, sand, sandstone, flint, 
ehert, and diatonuiceous earth constitute the common 
non-gem minerals of silica. All of these, finely 
ground, are used for wood polishing and finishing 
and as a filler in wood, fertilizers, in.secticidcs. rubber, 
atui road asphalt surfacing mixtures. Ground to 
various specifications they are used as abrasive in 
sand-paper, scouring and polishing compositions for 
metals and stones, lithogra|)her s sand, tooth powders 
and iKistes, filtering media, and inert extenders for 
paints. Moderately pure satid, ma.ssive crystalline 
(|uartz, sandstone, (jiiartzite, or chert arc used in the 
manufacture of silicon, ferro-silicon, and silicon 
alloys. Ma.s.sive (|uartz and cpiartzite are used as flux 
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in smelting basic ores and as a lining for acid towers. 

Pure piilveri/ed cjuartz sand, tripoli and diatomaceous 
earth are used for the manufacture of s(xliuni silicate 
and other chemicals, and pure (|uartz .sand for silicon 
carbide and ordinary glass. In ceratnics very pure 
silica is used as an ingredient of Ixxlies, glazes, and 
enamels. Quartzite finds use in refractory silica 
hrick.s, sand and tripoli in h)undry, and di.itomaceous 
earth in heat and sound insulation and abrasives. 
Rounded flint pebbles are used as grinding pebbles 
(i,adoo & Myers, 428). 

PKODi'c'nox A\n Trade 

No separate data are available for the |)rodiii tion 
of various gem and non-gem varieties of silica. Table 2 
gives the production of (piartz and silica, which 
includes, besides massive fpiartz, the data for granular 
or clastic varieties. As statetl earlier, sand will he 
<lealt with separately. Table 3 gives the consumption 
pattern for (juartz and silica including massive and 
granular or clastic varieties. 

Gem varieties of silica have been produced in 
India since ancient times, and worked in the lapidaries 
of Cambay, Jaipur, Jabalpur. Banda, 1 'hanjavur, and 
Tiruchchirappalli. Indian silica gems, particularly 
those of chalcedonic varieties (agate, carnelian. onyx, 
etc.), have been considered to he of very high (piality 
and produced in large (piantities. Rock crystal, 
amethyst, and other crystalline varieties, and opal 
have also been produced in substantial cpiantitie.s. 

The chief centres of production of agate pebbles are 
situated in Cambay area of (hijarat. Table 4 gives the 
prexiuction of agate in Gujarat duritig recent years. 

The value of chalcedony pebbles prorliiced in the 


TAHIE 2 — PRODUenON OF QUARiZ AND SILICA IN INDIA DURING 196) -67 
(Qiy in toniu’s :iiici V;il. in thousand Ks.) 

I%.t* |%4* 1963* I%6^ l%7f 



Oiy 

Val. 

Qty 

\'al. 

Qty 

Val. 

Qxy 

\'al. 

Qiy 

\’al. 

Andhra Pr.'idcsh 

I6.3SS 

69 

18,739 

88 

48,.130 

199 

63,001 

2t)4 

.11,782 

201 

Bihar 

42,998 

1,113 

21,278 

.13.1 

19.099 

261 

.1.1,166 

409 

.15,763 

479 

(fujarat 

2.1.3.S() 

108 

.16,491 

1.17 

29,6.17 

149 

28,49.1 

117 

.17,086 

1.16 

Kerala 

11,146 

.10 

4,94.1 

10 

7..188 

18 

ftj.M 

13 

4,9.13 

12 

Madhya Pradesh 

34,1.13 

.122 

46.124 

24tl 

84,228 

.ItiS 

.12.923 

297 

23.98.1 

29.1 

Madras 

.1.768 

19 

1,7.19 

8 

2,06.1 

10 

1,019 

(i 

6.0.10»» 

I6»' 

Maharashtra 

18.812 

140 

2.1,226 

169 

21.18,1 

131 

17,272 

123 

1.1,9.14 

101 

Mysore 

.1.1.633 

.172 

40,118 

327 

.10.070 

461 

40.143 

343 

40.917 

41.1 

Rajasthan 

4.\19.1 

441 

52,29.1 

.177 

.1.1.700 

640 

49.428 

67.1 

.14,266 

673 

( )t hers» 

121 

1 

2,691 

16 

1,413 

16 

607 

10 

8.142 

105 

Totai. 

249,966 

2,617 

247.662 

2,125 

297,1.1,1 

2,47.1 

276,187 

2,40.1 

238,840 

2.429 


* Indian Miner. Yearh., I%4, 713; t A/on. IliiU. Miner. Statist. Inform., 1%6, 6(11 1:27; 1967. 7(11 N' 12), 1:27. 

" DcMii. Haryana, Hiniarhal I’radesh, Orissa. Punjab and West Rcnj^al. 

''Including production of ('hert. 
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country for ball mill purposes was Rs. 58,000 in 1964 
(Indian Miner, Y ear h., 1964, 1 10, 826 ; Jahns in 
Gillson et ai, 409-11 ; Coggin Brown & Dey, 621 ; 
With India— Industrial Products, pt VI, 183). 

Exports and Imports — Quartz and silica sand are 
exported in appreciable (|uantities : Japan is the 
principal buyer. Small (pinntities of these minerals 
arc imported, mainly from U.K., Netherlands, 
Sweden, U.S.A., and Germany. Table 5 gives the 
exports and imports of quartz and silica sand in 
recent years. It is estimated that nearly 2,750 kg. of 


TABLE 3 -CONSIJMPHON OF QUARTZ AND SILICA SAND BY 
DIFI-RRENT INDUSTRIES DURING 1962 - 64* 

(Qty ill tonnes) 



1962 

1963 

l%4 

Olnss 

47.749 

126.036 

12.5.202 

Refractory, and 
Iron &’Su*cl 

197,319 

118.120 

1.58.128 

Ferro Silicon 

18.294 

21,7.52 

2.5,316 

Foundry 

10.09<; 

21.084 

25.028 

C'erainic's 

4,.5.>2 

7,043 

9,2.59 

Cosmetics 

. . 

1.3.t8 

I..507 

Others 

986 

9.59 

9.56 

Totai. 

278.999 

296,332 

.34.5,.t96 

* Indian Miner. 

Yearh.. 1962. 473 ; 

196.^. 612; 1964, 

180. 


TABLE 4— PRODUCTION OF AGATE IN GUJARAT DURING 1963-67" 
(Qiy in tonnes) 


1963 

794 

1964 

2.54 

1965 

425 

1966 

485 

1967 

452 


♦Hesai, Imlian Min. & F.ntin^ /., 1967, 6(1), 27; Mon. Bull. 
Miner. Statist. & Inform., 1966, 6(11 & 12), T: 14 ; 1967, 7(11 & 12), 
1:18. 

TABLE 3-EXPORTS AND IMPORTS OF QUARTZ AND SILICA SAND 
DURING 1961-67* 

(Qty in tonnes and Vnl. in thousand Rs.) 


Kx ports Iin))orts 

^ f ■ ■ ■ ■■ '» 



Qty 

Val. 

Qty 

Val. 

1963 

266 

17 

26 

10 

1964 

306 

23 

61 

31 

1965 

1,332 

61 

146 

78 

1966 

2,272 

145 

2.50 

145 

1967 

3,388 

266 

499 

492 

Indian Miner. 

Yearh.. 1964, 

720 21 ; 

Mon. Bull. Miner, 

. .Statist. 


& Inform.. 1966. 6(11 & 12). 1:44, 48; 1967, 7(11 A 12), 1:46, .SO. 


TABLE 6-lMPORTS OF DIATOMACEOUS AND TRIPOLI EARTHS 
DURING 1961-6?" 

(Qty in tonnes and Val. in thousand Rs.) 



Dia loinaceoiis eartf 

K. 

Tripoli earth 

A 


Qty 

VaL 

Qty 

Val. 

1963 

1,1.52 

937 

234 

131 

1964 

1..5.t6 

1,180 

45 

26 

1%5 

362 

270 

101 

66 

1966 

88 

100 

66 

54 

1967 

JI8 

1.50 

92 

8.3 

Indian Miner. 

Yearh.. 

1963, 1.57 .38; 1964, 

1.58 60 

; Mon. Bull. 


Miner. Statist. Inform.. 1%6. 6(11 & 12). 1:47 48 ; 1967, 
7(11 & 12), 1:49. 

TABLE 7— PRICES OF QUARTZ AND SILICA SAND IN MARCH - APRIL 
DURING 1964 - 67^ 

(Price in Rs. /tonne) 


Material 

1964 

1965 

1966 

1967 

Quart/ 

l.utiips, 99 'V, SiO, 
(F.O.R. loading; 
station) 

I2t 

14 

15 IS 

15 18 

l^iwder, 1.50 mesh 
(Kx-factory) 


150 

150 

150 

Powder, 200 mesh 
(Fx- factory) 

200 

230 

230 

230 

Silica sand (Bombay) 

.50 '80 mesh 


50 65 

55 65 

55 6.5 

Class cpinlity 

55 lt)0 

75 85 

75 85 

75 8.5 

Silicate c]ualiiy 

•10 45 

40 

40 

40 

Foundry ipiality 

30 40 

30 45 

30 45 

30 45 

Powder, 2(M) mesh 


220 

220 

220 

Powder, 10-2.50 mesh 


140 

140 

141) 


* Miner. Markets. 1964, 3(2). 11 ; Indian Min. /., 1965, 

4(2). 10; 1966, 5(2), 10; 1967. 6(2), 6. 
t98% SiO.. 


cpiartz cry.stals are annually imported for use in 
electronic industries \Indiaii Miner. Yearh.. 1964, 
720 21 ; Chem, Weekly. 1965, 10(2o), 24]. 

Indian silica gems and articles made out of them 
have been in the international trade .since long. Semi- 
precious chalccdonic varieties, like agate, camel ian, 
and onyx have been exported to various countries. 
However, the trade data for silica gems are not 
separately recorded (Coggin Brown & Dey, 621). 

Imports of diatoinaceous and tripoli earths are 
given in Table 6. Important exporting countries have 
been the U.S.A., U.K., Germany, Belgium, Italy, 
Algeria and Kenya (Statist. Snmm. Miner, hid.. 
1960-65. 126). 

Prices -Table 7 gives the prices of various grades 
of c|uart/ and silica .sand. There have been no signi- 
ficant fluctuations in prices during 1964 67. 
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QUASSIA Linn. {Simaroubaccae) 

A genus of trees or shrubs distributeii in the 
pantropics. Two species arc found in India of which 
one, Q. amara, has been introduced into India and 
grown in gardens. 

Q. amara I .inn. Surinam Quassia 

FI. Malesiana, Ser. I, 6(2), 199 ; Brown, 1941. II, 
Fig. 122. 

An erect shrub, 2-3 m. high, indigenous to Brazil 
and Guiana, grown in ganlens in India for its hand- 
some foliage and showy flowers. Bark light coloured ; 
leaves une(|ually pinnate with broadly winged 
rachis : leaflets ohovate : flowers purple, in terminal 
racemes; drupes 1-5, purple black, 12-13 mm. long; 
seeds globular. 

The plant is propagated by seeds, cuttings or 
layers. The flowers appear from July to September 
((h)palaswamiengar, 285). 

Q. amara furnishes the bitter (juassia wcmxI known 
as Surinam Quassia in commerce. Surinam (piassia 
resembles Jamaica Quassia obtained from Picrasma 
cxcclsa (q.v.) in respect of its appearance, struciurc 
of wood, chemical constituents, medicinal and in- 
secticidal properties and uses. The wood of Q. amara 
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is heavier, harder and more deeply coloured, light 
and soft, fine-textured, easily worked, finishing 
smoothly : the billets are usually thinner. More 
recently, /8-sitosterone and /j-sitosterol were isolated 
from the wood (Holman, 133 34; Record & Hess, 

512 : U.S.I)., 1955, 1152 : For. Absir., 1964, 25 , 464). 

The root liark contains the hitter jiriiK iple (|iiassin, 
a volatile oil. malic acid, gallic acid, calcium tai l rare 
and potassium acetate (Wehmer, 1 , 643). 

Q. indica Nooieboom syn. Samadcra iudica Gaerin. : 

5 . lucida Wall. 

D.K.P., Vl(2), 451 : FI. Br. Ind.. I, 519: VI Male- 
siana, Ser. I, 6(2), 199, Fig. 3. 

MAR~-Lnkhandi ; Tam. — Niham, niepa, karin- 
jottci : Kan. Nipa, samadcra ; Mal. — Kariujotta. 

A small evergreen tree, 9.0-10.5 m. high, found in 
evergreen forests in west coast and along backwaters 
and sandy places in Kerala. Bark pale yellow in 
colour ; leaves large, elliptic-lanceolate or elliptic- 
oblong : flowers pinkish yellow, in few or many- 
flowered umhels : fruits large, flat, pear-shaped, con- 
taining a large, brown, curved seed. 'Die plant is used 
for hedges (Bourdillon, 66), 

Q. indica is a native of Malagasy and is the source 
of the Niepa Bark of commerce. The hark yields 
laraxerone, stigmastanon, siigmasrerol, 2,6-dime- 
thoxybenzoquinone. sainadcrin-A (C, J 1 ,^ 0 ,., m.p. 
255-58°), samaderin-B (C,.,IL.X)7, m.p. 2 25-^0°), sama- 
derin-C (CiJIjiO., m.p. 265-68°), liipenoiie and a 
ketone (i8fi.-oleanan i9»i-ol-3-one). The hitter prin- 
ciple samaderin, isolated hy earlier investigators, is 
found to he a mixture of at least 3 tricyclic terpenoid 
lactones, viz. samaderins A, B and 'I'lie presi*nce of 
ellagic acid, a glucosidic tannin substance, a yellow 
crystalline bitter substance, a red colouring matter 
and resin has also been reported, 'rite hark is very 
bitter and is used as a febrifuge. In the Philippines, 
the juice from the pounded hark is considered a cure 
for skin diseases (Chem. Ahslr., 1963, 58 , 6S88 ; 
Wintersteiner cl al., J. org. Clicm.^ *9^5* -^47 » 

Wehmer, I, 6^ i : Kin. & Basu, I, 50S : Qiiisiimhing, 

475 )- 

'Hie wood is light (wl., qi6 kg./cu.m.), soft and 
light yellow in colour, straight to slightly interlocked- 
grained, medium uniform in texture and dilTuse 
porous. Wood is used for turnery articles, packing 
cases and planks for ceiling ; it is suitable for light 
and cheap furniture and is useful as match wood 
|[S: 399-19^2, 37 ; Chowdhiiry & Ghosh. Indian For, 
Rcc,!nS., UtiL 1946. 4 ( 3 ), 19: Lewis, 84]. 
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The wood and the root yield a hitter sid)stancc 
said to he identical with (|iiassin. An infusion of wood 
is taken as a hitter tonic and used as a substitute for 
quassia. An infusion or decoction of wood and 
hark is also given as stomachic and eininenagogue 
(Wehmer. T, 641 : Kirt. & Basil, f, 508: Burkill. If, 

The seed kernels yield a golden yellow, hitter fatly 
oil (37'V.) which, freed of alcohol-soluhle matter, 
showed the following characteristics: sp. gr."*. 

0. 9204: , 1. 47 13; acid val., 0.2; iod. val., 115: 

sap. val., 187 ; and unsapon. matter, 0.7%. The 
fatly acids of the oil are: palmitic. 9 : oleic, 36 : and 
linoleic, 48“,,. The alcohol-soluhle fraction gave the 
glucosides samaderosidc-A (m.p., 275-76° : |a|J^‘ , 
+ 97.4°) and samaderoside-B (in.p., 301 -03° ; 

+0°). Isolation of samaderin. inositol, and 
resin has been reported (Mitra & (iarg, Nutunvissen- 
schdftcn, 1962, 49 , ^27 : Hilditch, 19^6, 247 ; Wehmer, 

1. 643). 

Seeds are used in Indonesia as an emetic, jnirgative 
and sometimes in bilious fevers. Seed oil is used as a 
local application in the treatment of rheumatism. 
Bruised leaves are applied externally in erysipelas. In 
the Solomon Islands, the macerated leaves mixed with 
coconut oil are used for cleansing hair. An itdusion 
of the leaves is used for itch and to kill lice. Ileas 
and white ants | Burkill. II, i9^5-^6 : Kirt. & Basu, I, 
508 : Kl. Malesiana. Ser. I. 6(2), 201]. 

Quassia, Jamaica — sve Picrasma 

Queensland Arrowroot — see Canna 

Queensland Hemp — see Sida 

Queensland Nut — see Macadamia 

QUERCUS I jnn. (Fagdceae) 

A large genus of evergreen or deciduous trees or 
shrubs, mostly distributed in the temperate regions 
of the northern hemisphere and extending to sub- 
tropical and tropical America and Asia at high alti- 
tudes. About 23 species, most of them evergreen, arc 
found in India in the Himalayan region. 

The Indian Oaks are important both economically 
and sylviculturally. Many of them furnish timber 
and firewood. The barks of several species are rich in 
tannin : their leaves and galls also contain tannin, 
but are not commercially exploited. Sylviculturally, 
some of them are of great importance as nurses to 
and com|)anions of the important conifers with 
which they arc fre(|uenrly as.sociated [Troup, III, 


914: Edwards cl ah, Indian For, Rec,, N.S„ Chem. 

Minor For. Prod., 1952, 1(2), 145]. 

Q. acutissima Carruthers .syn. Q. serrala Hook. f. (FI. 
Br. Ind.) non Thunb. 

n.E.R, VI(i). 386 : FI. Br. Ind., V, 601. 

Assam Dingrittiang. 

A moderate-si/ed, deciduous tree, up to 25 m. high, 
with a straight bole, found in the Himalayas from 
Kuniaun eastwards to Nepal, Bhutan and Assam and 
in Manipur and Khasi bills, at altitudes of 90a- 
i.8(X) m. Bark dark grey : leaves long-pctiolcd, oblong- 
lanceolate, spinulose toothed : male spikes long, 
tomcniose ; female spikes short, flowers usually 
clustered ; acorns varying in size. 

This is a fast-growing tree, suitable for plantations 
and for ornamental and shade purposes. It h<is been 
grown successfully in Coonoor, Nilgiris. It reaches 
fairly large dimensions (c. 2.0 m. in girth). It is a 
moderate light demander and is frost hardy. It 
coppices well up to moderate size (Troup, III, 939; 
Krishnamurtbi, 225). 

'fhe wood is brown in colour, very bard (wt., 
928 kg./cu.m.) and said to resemble that of Q. griffi- 
lliii in structure ; the broad rays give a conspicuous 
silver grain in radial section. It is used in Assam for 
bouse building and for fuel (Gamble. 673 : FI. Assam, 
IV. 308). 

Q. dilatata Lindl. ex Royle Ghvy.s Oak, 

Moru Oak 

n.E.P., VI(i). 380; C.P., 91 1 : FI. Br. Ind., V. 602 ; 
'I'ronp. III. 92.V Fig- .144-49- 

PrxjAB — Morn, chnra, kali ring, harungi ; Ki:mai’N 

Tilnnj, kilonj. 

A very large tree, up to 25 40 m. in height, with 
a clean bole up to 20 m. in length and 6 m. in girth, 
found in tlie temperate Himalayas from Kashmir to 
Nepal, mainly at altitudes of 2,(xx) ’2,750 m. Bark 
turning dark grey to dark reddish brown with age 
and exfoliating in irregular woody scales : leaves 
oblong or oblong-lanccolatc : male spikes crowded, 
up to c. 7.5 cm. long : female spikes short, up to 
4 cm. long : acorns ovoid or oblong, brown, solitary. 

Q. dilatata is a native of temperate areas where 
snowfall is heavy in winter. It avoids dry situations 
and favours moist, cool localities and northerly 
aspects. It is often found in den.se, pure patches of 
varying extent, though it is also fre(|uently found 
scattered in as.sociation with spruce (Picea smithiana) 
and other coniferous trees arid broad-leaved trees like 
/lc,vc/////.v indica, Acer caesium, etc. It attains its best 
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FIG. I2V-QUFRCUS DILATATA 


(Icvi-lopiiicnt on deep, rieli, ni(»isr, hut well-draineil 
soil. Natural reproduction lakes place by seeds which 
germinal e soon after tailing during the rainy season 
from August to October. Artificial propagation is 
possible either by sowing seeds directly as tliey ripen 
or by transplanting two-year old seedlings Ironi the 
nursery or natural surroundings. Sowing and plant- 
ing should be done on moist loamy soil in cool 
situations, with a spacing of 1.5 111. x 1.5 m. Its 
coppicing power is uncertain and young plants and 
coppice shoots are liable to browsing by goals. The 
growth is moderately fast. 'Fbe seedlings are sensitive 
to drought, and subject to insect attack early in their 
life. The tree is susceptible to attack by fungi, causing 
various types of rots. Many larvae bore into the wood 
|Troup, III, 923, 926: Gamble, 673: Ragcbee & 
Ujagar Singh, Indian For. Rtr., N.S., MycoL, 1954, 
1 , 290 : Mathur & Balwant Singh, Indian For. Bull., 
N.S., No. 171(7), 1959, 94|. 

The sapwood is grey and thin ; heart wood light 
russet to pale greyish brown with darker streaks, 
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heavy (sp. gr., c. 0.91 ; wt., 910-960 kg./cu.m.), very 
bard, strong and elastic, fairly straight-grained, 
medium fine but uneven-textured. The timber is 
durable, especially after treatment, and not very 
liable to insect and fungal attack. It is diflicult to 
season, 'fbe timber is tough to saw and w'ork (Pearson 
& Brown, 11 , 987). 

The wood is used for building materials, agricid- 
tural implements, sleepers, axe bandies, carrying 
poles, walking sticks and umbrella bandies. It is very 
suitable for making spokes of heavy wheels and for 
making casks and barrels. It can be used as a substi- 
tute for imported oak from w'hich kegs for maturing 
wdiisky are made. It is a good fuel wood (calorific 
value: sapwoorf 4,808 cal., 8,656 B.t.u. : heart wood - 
4,790 cal., 8,624 1^-t.ti.) and is used for making charcoal 
(Pearson & Brown, II, 988 : For. Rrs. India, 1947-48, 
pt I, 56 : Krishna & Ramaswatni. Indian For. Bull., 

N.S., No. 79, 1932, 22). 

The leaves and shoots are extensively lopped for 
fodder for sheep and goats. 'Phe galls on the leaves 
are said to be sw'eet and edible. An analysis of the 
leaves from Mukteswar gave (dry matter basis): 
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crude protein, 9.6 : ether exir., 4.5 ; crude fibre, 29.1 ; 
N-free extr., 51.7 ; total ash. 5.1 : calcium, 1.6 1 ; and 
phosphorus, o.3'o. The digestible nutrients of the 
leaves were as follows (dry matter basis): total 
nutrients, 43.2 ; protein, 4.2 : carbohydrates, 38.5 ; 
and ether cxir., 0.2 V/. : and nutritive ratio, 9.3. The 
acorns yield an orange coloured fatty oil with the 
following physico-chemical characteristics : sp. gr.* ’ , 
0.9084: 1.4588: sap. val., 188.4: acid val., 22.2; 

acet. val., 21.1 ; iod. val. (Ilaiius), 9(^.3; llehner val., 
88.2 : and unsnpon. matter, 2.3% (Jain, Indum For,, 
1956, 82 , 24 ; Lander, 280 : Sen, Bull, Indian Conn, 
agric. Res., No. 25, 1964, 66-67, 1 18 19 ; Puntambekar 
& Krishna, /. Indian clicni. Soc., 1934, 11 , 721). 

Hie leaves of Q. dilalata have been recommended 
as a .source of tanning material ; they contain 9.8 per 
cent tannin and 8.3 per cent non-tannin. The bark 
contains 5.0 per cent tannin and 9.6 per cent non- 
tannin and is poorer in tannin content than the bark 
of Q. incana (Tej Singh el al., Indian For., 1958, 
84 , 574 ; Sarin & Kapur, Bull. reg. Res. Lah., Jammu, 
196.3, I, 137). 


Q. glauca Tluinb. Bi.ue Japanese Oak 

Vl(i), 381 : KI. Br. Ind., V. 604 ; Troup. Ill, 
Kig. 363-65, 

Nkfal — Phalat ; 1 >:i>(:iia — Siri ; Kumaun — Fliaronj, 
phanianl ; Punjab -Brriu, banni, imbri, banku. 

A handsome evergreen tree, up to c. 20 m. in 
height, found in the outer Himalayas from Kashmir 
to Bhutan and also in the Khasi hills at altitudes of 
600-2,000 m. Bark thin, grey or blackish, smooth ; 
leaves oblong- or ovate-lanceolate, .serrate, glaucous 
beneath : male .spikes very .slender and hairy, female 
flowers, 2-5 on short axillary peduncle ; acorns .single 
or in pairs, ovoid, pointed. 

Q. glanca is not gregarious except along the banks 
of streams. It thrives best on moist, rich .soil and does 
not grow well in dry situations. It withstands a con.si- 
derable amount of shade. It coppices freely. Under 
natural conditions, germination commences early in 
the rainy .sea.son. It can be raised artificially either by 
direct sowing or by transplanting from the nursery. 
Plantations are best made in moist ravines and 
similar places. A few species of beetles are .said to 
bore into the felled wood |Troup. Ill, 117: Mathur 
& Balwant Singh, Indian For, Rtdl., N.S., No. 171(7), 
' 959 . 96 |- 

The wood (wt., 88(>-99 cj kg./cu.m.) is very hard, 
clo.se-grained, grey or greyish brown with wavy con- 
centric bands. It polishes well, but is liable to warp 
and crack. It is fairly durable, when not much 
exposed. It is said to be used in construction of sledge 
runners, bridges and houses, hut is not so much 
esteemed as some other oaks. It is mainly used for 
fuel (Gamble, 677). 

The leaves are used as cattle fodder. Analysis of 
the leaves gave (dry matter basis): crude protein, 
9.6; ether extr., ^.i : crude fibre, 29.0; N-free extr., 
49.6: total ash, 7.6; calcium, 1.87; and phosphorus, 
0.23V,,. Digestibility trials of the leaves gave the 
following values (dry matter ba.sis): total dig. 
nutrients, 39.8 : dig. protein, 4.6 : dig. carbohydrates, 
33.8 ; and dig. ether extr., 0.6% : nutritive ratio, 7.7 
|Purohit, Indian Fmg, N.S., 1961 62, ll(i2), 5: Sen, 
Bull. Indian Conn, agric. Res., No. 25, 1964, 66 -67, 
116-171. 

The bark contains tannin ti|> to 12 per cent. The 
wood yields n-mannilol [Edwards el al,, Indian For. 
Rec., N.S., Chem. & Minor For. Prod., 1952, 1(2), 
145 ; Chem. Abslr., 1963, 59 , 5661]. 

Q. griffithii Hook. f. & Thoms. 

D.E.P., Vr(i), 381 ; FI. Br. Ind., V, 602. 
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Khase — Dingim, 

A small to large-sized deciduous tree found in the 
eastern Himalayas in Sikkim and Bhutan and in 
Manipur, Khasi and Naga hills at altitudes of i,ioo- 
2,400 m. Bark dark ash-grey, deeply furrowed and 
warty ; leaves obovatc-oblong, or oblanccolatc, pube- 
scent beneath ; male spike fascicled : acorns almost 
sessile, 2-5 at the end of branchlets. 

The tree is gregarious, ft coppices freely. It is a 
moderate light demander and its rate of growth is 
fast. Natural reproduction is by seeds. It regenerates 
freely in gaps and open spaces. It is reproduced arti- 
ficially by line sowings. It is affected by rust \Cr(mar- 
tium querctim (Berk.) Miyahe]. The tree is sid)ject to 
the attack of defoliating larvae and the timber is 
attacked by some borers [Troup, III, 943 : Gamble, 
674 ; Mathur & Bahvant Singh, Indian For. Bull.. 

N.S., No. 171(7). 1959, 96|. 

The wood is said to resemble that of Q. rohur 
(English Oak) in appearance and structure. It is 
brown, very hard and of good quality : it is used in 
house building and for agricultural implements and 
also as fuel. The wood and bark contain 5-10 per cent 
tannin [Troup, III, 9^3: Gamble, 675: Bor, 119: 
Edwards el nl, Indian For. Rev.. N.S.. Chem. & 
Minor For. Prod., 1952, 1(2), 145]. 

Q. ilex Linn. Holly oh Holm Oak 

D.E.P., VI(i), 381 ; FI. Br. Ind., V. 602 ; Troup, III. 
Fig. 360. 

Pi;n JAB — Breach ur. irri. 

An evergreen shrub or tree, up to 12 m. in height, 
found in the inner arid tracts of the Himalayas from 
the Sutlej valley westwards and in Kashmir at alti- 
tudes of 900-2,600 m. Bark dark grey, broken into 
small scaly plates ; leaves very variable in shape and 
size, elliptical or oblong, entire or with large spine- 
scent teeth ; male spikes in drooping clusters, female 
spikes short ; nuts oblong conical, light brown, 1.5- 
2.5 cm. long. 

It is a typically xerophytic species wiih a capacity 
for producing root suckers, especially when stimulated 
by digging out or splitting stumps of felled trees. The 
wood is subject to the attack of some borers [Troup, 
III. 912 : Mathur & Bahvant Singh, Indian For. Bull.. 
N.S., No. 171(7), 1959. 96]. 

Ileartwood (wt., 960-1,120 kg./cu.m.) is red or 
reddish brown, very hard and durable. The wood 
warps and twists, but when seasoned it works very 
well and takes a fine polish. It is used for agricultural 
implements, tool handles and joinery. It yields good 


fuel and charcoal. The leaves and branches are lopped 
for fodder and the spiny branches arc used for 
fencing. The acorns ripen al)out October and are said 
to be the most edible of all acorns ; they arc eaten 
in Europe, and also fed to livestock ((hunhic, 674 ; 
Burkill, II, 1853). 

The dried acorns on solvent extraction yield 8.5 
13.2 per cent of an edible oil with the following 
characteristics: d"*', 0.9079; /r* , 1.4685; acid val., 

O. 5-7 .0 : and iod. val., 86 88. The fatty acid composi- 
tion of the j>il is as follows: palmitic. 10.5-13.4; 
stearic, o. 5-2.0; oleic, 40.0-72.8: linoleic, 13.1-38.2; 
and linolenic, up to 2%. The residual meal is useful 
as a feed and has the following average composition : 
moisture, 9.9 ; protein, 6.8 ; oil, 0.5 : fibre, 0.9 : N-free 
extr., 76.9 (sugars, 0.8 ; reducing sugars. 0.6 ; starch, 
47.0 ; and tannin, 0.5) ; and ;ish 5.0%. The acorns 
iuive been tried as a source of industrial alcohol 
(Chem. Ahstr., 1965. 62 , 4532 : llrilland, Kezv Bull.. 
>925. 195). 

Q. ile.x is believed to be the principal source of 
Abruzzo or Italian Galls (tannin content, 41%), 
which have been widely used in the past for tanning 
and dyeing purposes. The bark is also used for tan- 
ning : it contains 7-13 per cent tannin. The leaves 
contain 2.1 per cent tannin and 1.8 per cent non- 
tannin (Howes, 1953, 260 ; Hoppe, 753 ; Streets, 662 : 
Wehmer, I, 225). 

Q. incana Roxb. Bax Oak, Grey Oak 

D.E.P., VI(i), 382 : C.P., 91 1 : FI. Br. Ind, V, 603 : 
Troup, III, Fig. 339-43. 

Kasilmik ~Sila .sulJari, iri, shiddar ; Punjab — Rin. 
rinj. vari. sliindar ; Kumaun— R rtw, hang; Jain.sar— 
hud. hani ; Garhwal — Phanat. 

A moderate-sized to large evergreen tree, up to 
25 m. high and 3.0 m. girth, found in Kashmir and 
the western Himalayan regions up to Nepal at alti- 
tudes of i,ooo-2,4(X) m., and occasionally descending 
into moist situations of Kangra and Kulu. Bark grey 
to greyish brown, silvery when young, peeling off in 
rounded flakes ; leaves oblong- or ovate-lanceolate, 
with white or grey tomentiim beneath : male spikes 
densely hairy and clustered, female flowers usually 
se.ssile : acorns single or in pairs : nut ovoid, brown 
with a grey pubescence near the apex. 

Q. invana is gregarious and sometimes forms pure 
forests to a considerable extent. Rhododendron arbo- 
reum, Cedrus deodora, Pinm wallkhiana and 

P. roxburghii are some of its commoner companions. 
It grows on a variety of geological formations, includ- 
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ing micaceous sandy soil. It attains its largest dimen- 
sion on deep moist soil in cool northern aspects. It 
grows on the most arid slopes also, though it gets 
stunted and gnarled, while in moist valleys it is tali 
and straight. In its natural habitat, the climate is 
temperate, with shade temperature rarely exceeding 
35° and the rainfall ranging from loo to 230 cm. It 
does not extend into inner arid valleys (Troup, III, 
915 : Bor, 120). 

Natural reproduction is from seeds. The seeds arc 
produced in abundance. As the seeds arc greedily 
eaten by birds and beasts even before they ripen, 
their survival is difficult, unless the ground lielow is 
well worked so that the falling acorns get covered 
with soil and are hidden. Artificial propagation is 
done by direct sowing or by transplanting seedlings 
raised in the nursery. The growth of the seedlings is 
somewhat slow and in the first few years, the plant 
withstands a fair amount of shade : thereafter it 
requires moderate to full sunshine for best develop- 
ment. It coppices well up to a girth of alxnit 
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one metre only. It suffers heavily by browsing and 
by frequent lopping for fodder. It is affected by 
Loranthus and Viscum spp. and by many rot-causing 
fungi. A very large number of beetles and other insect 
larvae that (Icfoliate or bore into the wood and acorns 
have been recorded [Troup. Ill, 919-20 : Chaturvedi, 
Indian Fmg, N,S., 1957-58, 7(9). 12 ; Seth, Btdl, For, 
Dcp., Uttar Pradesh, No. 26, 1957 ; Bagchce & Ujagar 
Singh, Indian For, Rcc\, N.S., MycoL, 1954, 1 , 291 : 
Mathur & Balwant Singh, Indian For. Bull, N.S., 
No. 171(7), 1959, 96]. 

The wood is light russet to light greyish brown, 
with darker streaks along the grain, straight or some- 
what wavy-grained, medium fine- but uneven-textured, 
very hard, moderately strong, and moderately heavy 
(sp. gr., c*. 0.74 ; wt., c. 750 kg./cu.m.). It is liable to 
split and warp severely and is very difficult to season. 
It is moderately durable under cover, but liable to 
attack by large borers. It is not difficult to saw when 
dry and works to a smooth surface and takes a bright 
polish (Pearson & Brown, II, 990). 

The wood is occasionally used for building and 
agricultural implements : it is suitable for tool 
bandies. It is extensively used for fuel, both as fire- 
wood (calorific value: sapwood — 4,63^ cal., 8,339 
B.t.ii. : heart wood — ^4.566 cal., 8,221 B.i.u.) and as 
charcoal. The defibrated wood pulp can he used for 
the preparation of high grade hard-boards, with good 
strength and watcr-re.sistancc (Pearson & Brown, II, 
991 : Gamble. 676; Indian For., 1952, 78 , ^69 ; 1948, 
74 , 2S0 : Krishna & Ramaswami, Indian For. Bull, 
N.S., No. 79, 1932, 22 ; Narayanamurti & Kultar 
Singh, Curr, Sci., 1962, 31 , 97 ; Chem. Abstr., 1954, 
48 , 368). 

The bark is extensively employed for tanning 
purposes ; it contains 6-23 per cent of tannin. A 
sample of the bark gave 16 per cent tannin and 
8 per cent of non-tannin. It was observed that the 
hide tanned with its extract (tannin, 85.4%) acquired 
a light biscuit colour superior to that iinjiarted by 
wattle, and was not cracky. The stem bark contains 
friedelin, an unidentified triterpenoid, /3-sitostcrol, 
and a mixture of leucoanthocyanidins, one of which 
is Iciicopelargonidin. The wood contains 4-5 per cent 
of tannin |i<Mwards ct al, Indian For. Rcc., NS., 
Chew. & Minor For. Prod., 1952, 1(2), 145 ; 
Santhanam & Barat, Bull cent. Leath. Res. Inst., 
Madras, 1960-61, 1 , 20; Kalra et al, Curr. Set. 1966, 
3 S, 204^* 

The leaves are used as cattle fodder in the hills ; 
they contain (dry matter basis) : crude protein, 9.56 ; 
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ether extr., 4.8 ; fibre, 31.3 : N-frcc extr., 48.4 ; total 
ash, 5.2 ; calciiini, 0.99 ; and phosphorus, 0.15%. The 
digestible nutrients of the leaves arc as follows: total 
nutrients, 43.8 ; proteins, 5.8 ; carlxihyd rates, 34.8 ; 
and ether extr., 1.4% ; and nutritive ratio, 6.6. Two 
flavonoids, (piercetin and a (|ucrcetin-3-disaccharidc 
(sugars identified being galactose and arabinose). 
have been isolated from the leaves (Lander, 280 ; Sen, 
Hull. Indian Conn, agric. Res., No. 25, 1964, 66-67, 
1 14-15 ; Kalra et al.j loc. cit.). 

The acorns are used in indigenous medicine as 
diuretic and in gonorrhoea, and also as an astringent 
in indigestion and diarrhoea, especially of children. 
They are said to be buried in the earth for sometime 
before use, so that the tannin and associated sub- 
stances may be removed by the process of germina- 
tion. They contain a considerable amount of starch 
(c. 65% on dry basis) but are not fit for human con- 
sumption, due to the high content of tannin (c. 6%). 
By repeated extraction of the material with warm 
water, followed by treatment with lime water and 
potassium permanganate, an edible flour can be 
obtained, which contains about 76 per cent of starch. 


The kernels (81% of acorns) on extraction with 
petroleum ether gave 16 per cent of a thin, yellow 
fatty oil with the following characteristics : sp. gr.“'‘‘, 
0.9081 ; 14576 ; iod. val. (Hanus), 81.5 ; sap. val., 

192.2 ; acid val.. 13.0 ; acet. val., 14.8 ; Hehner val., 
96.1 ; and unsapon. matter, 0.8%. The oil had the 
following fatty acid composition: palmitic, 17.1 ; 
lignoceric (?), 0.9 ; and oleic. 82.0';.. (Kiri. & Basil, 
III, 2358 ; I..ander, 280 ; Fur. Res. India, 1952-53, 
pt I, 1 14 ; 1953-54, pt 1 , 70 ; Pimtambekar & Krishna, 
/. Indian chem. Soc., 1934, II, 721 : Piintaml)ekar 6: 
Varma, Indian For., 1934, 60 , 752). 

A sweet exudation, known as Oak Mann.a. said 10 
be collected from the plant in Iran and Ira<|, is used 
in the preparation of confectionery (Harrison, Kew 
Bull., 1950. 407). 

Q. infectoria Olivier Cali. Oak, Dykrs’ Oak 

D.E.P., VI(i), 38^: C.P., 91 1 ; Howes, 1953, 256, 
PI. XVI, Fig. 1 &2.^ 

Hindi — Majuphal, mazu, muphal ; Bkm;. Majih 
phal : TA\i.~Machakai, rnashikai ; Tel. - Machi 
kaya ; Kan. — Machikai ; Mal. — Majakani. 

A small tree or shrub, c. 2-5 m. high, native of 
Greece, Asia Minor, Syria and Iran. Leaves 4-6 cm. 
long, very rigid, often glahrescent with spinous teeth ; 
acorns cylindrical. 

This tree yields the Oak Galls, used widely in 
dyeing and tanning. These galls which arise as 
excrescences on the young twigs are caused by the 
deposition of egg by a small hymenopterous insect, 
Adlcria gallae-tinctoriae Olivier. The female Hy lays 
the egg on or in the cambium of a young shoot. The 
egg develops into a larva and gets surrounded by the 
tissues of the developing gall. The galls are collected 
before the escape of the insect and are well dried. 
They are spherical or pear-shaped and measure 
6-50 mm. in diameter. The surface of the mature 
dry gall may be smooth and shining, as though 
varnished, and chestnut brown, but more usually it 
is rough and of a greyish brown colour. When the 
galls are gathered at the correct stage, i.e. before 
the insect emerges, the inner tissue is soft, of a deep 
greenish yellow colour, with a very astringent taste 
and slightly sweet aftertaste (Howes, 1953, 258). 

The galls of this plant as well as of some allied 
species are imported into India and other countries. 
They are variously known in trade as Aleppo Gall, 
Mecca Gall, Turkey Gall, Levant Gall, Smyrna Gall, 
Syrian Gall, etc. They vary generally in size, colour 
and general appearance. Galls from Asia Minor, 
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particularly Aleppo (Haleb) Galls have generally 
proved to be of the l)cst quality and have the highest 
tannin content. Calls obtained from eastern Europe 
are commonly known as Knoppers or Acorn Galls, 
and arc mainly formed on Q, robur and other species ; 
they arc ejuite dilTerent in appearance from those of 
Aleppo or Turkish Galls. The Bassorah (Basra) Galls 
said to he collected in the upper reaches of the Tigris 
or Euphrates rivers in Ira<| and shipped frecjuently 
to Bombay are sometimes re-exported as Bombay 
or Indian Galls. Some of the gall nuts employed in 
India may he obtained also from some indigenous 
oaks found in Kumaun, Carhwal and Bijnor forests. 

'Die galls contain tannic acid (gallotannic acid) as 
the principal constituent (50-70%). They also contain 
gallic acid, ellagic acid, gum, starch, sugar and 
essential oil (Thorpe, V, 425). 

Gall nut is used externally for its astringent effect ; 
it is used in ointments for the treatment of piles, and 
in plasters. The tannic and gallic acids extracted 
from the galls arc often used in dysentery and 
diarrhoea and as a gargle. The galls are said to find 
extensive application in tanning, dyeing, mordanting 
and in the manufacture of ink (Burkill, II, 1850 ; 
U.S.D., 1955, 1772 ; B.P.C., 1963, 327 : Steinmetz, I, 
224: Hill, 125; Hoppe, 753). 

Small quantities of gall nuts, ranging hetween 
i8.o(X) and 70,000 kg., are imported annually into this 
country, the chief exporting countries being Iran, 
Lebanon and Turkey (Table i). There is also some 
export (Table 2) of gall nuts, a part of which is pre- 
sumably re-exported while a portion may consist of 
gall nuts derived from species of Quercus indigenous 
to this country. 

Q. lamellosa Sm. 

D.E.P., VI(i), 384 : C.P., 91 1 : FI. Br. Iiul., V, fto6 ; 
'rroup, HI, 945, Fig. 366. 

Nkiwi. Shalshif pbarat-singhali, bujrat ; Lk.poiia 
Buk. 

A very large evergreen tree, attaining a height of 
30-35 m., and a girth of 6-9 m., with a clean Iwle 
of 9-12 111. found in the eastern Himalayas from 
Nepal to Bhutan, and in Naga and Diiffia hills in 
Assam and in Manipur at altitudes of 1 ,5(x>-2,7<x> m. 
Bark grey-brown with rough spots ; leaves broadly 
oblong to lanceolate, sharply serrate ; male spikes 
.solitary, female flowers solitary or in short spikes ; 
acorns stalkless. 

This tree is common in Darjeeling district between 
2,100 and 2,7(X) m. in mixed forests. It IIowxts in 


TABLE 1 — IMPORT OF GALL NUTS INTO INDIA 
(Qty in kg. and Val. in Rs.) 
Countries of origin 



Iran 

I^rhanon Turkey 

Others Total T'otal 

Qly Val. 


1,763 

7,525 8,782 

376 18,446 56,273 


29,793 

.\210 9,97.'! 

100 45,078 207,672 

1964 6.S 

23,676 

12,943 4,549 

106 41,268 212,000 

1965 66 

40,141 

. . 

40,141 188,981 

1966-67* 

67,758 

.. 

3,813 71,571 375,204 

* Dat,'! for the |)eriod Juiit* 1966 to March 1967. 


TABLE 2-EXPORTS OF GALL NUTS FROM INDIA 


(Qty 

in kg. and Val. 

in Ks.) 


Qty 

Val. 

(;iiii‘l importing 
countries 

1962-6.4 

42,554 

12.361 

West Pakistan and 

Burma 


1,775* 

6,387 

Burma, West Pakistan 
and Saudi Arabia 

196.V64 

7,589 

24.483 

Japan and Lebanon 


3.601 ♦ 

11,464 

Aden, Burma and West 
Pakistan 

1%4 65 

2,426 

«,)6.4 

Aden, Br. (Guiana and 
Singapore 

1%5 66 

5.557 

32,461 

Burma and France 

1966 67 

5,001 

38,506 

l.biited Arab Republic 


300* 

1,950 

inrlonesia 


* Ke-ex|)oris. 


April-May and acorns ripen in Novemher-Decemher 
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produce root suckers and natural reproduction is not 
very good, as large ejuantities of acorns are eaten by 
wild animals or (iestroyed by insecis. Direct sowing is 
preferred for artificial reproduction. The trees develop 
well with full overliead light from the sapling stage 
onwards. It is hardy to frost and drought, but very 
susceptible to tlamagc by fire. Its mean annual girth 
increment is about 1.2 -2.0 cm. It has been cultivated 
in tea estates in the Darjeeling area for supply of 
firewood, hut has been found to be rather slow. Many 
beetles and larvae bore into dead wood [Troup, III. 
945-49; Gamble, 678: Macalpine, Tocklai exp. Sta. 
Memor., No. 2^, 1952, 97 ; Mathur & Balwant Singh, 
Indian For. Bull., N.S., No. 171(7), 1959, hx)]. 

The w'ood is light russet to greyish brown, heavy 
to very heavy (sp. gr., c. 0.95 ; wt., 689-961 kg./cu.m.), 
fairly straight- to more or less irregularly-grained, 
medium coarse- and uneven-textured. It is liable to 



form end splits. It is a refractory timber and is only 
partially treatable. Green conversion, close stacking 
and slow seasoning are advocated. The timber is 
durable, tinless placed in damp conditions. It is hard 
to work and saw, and dilliciilt to manipulate with 
band tools, but (inishes well. The data lor the com- 
parative suitability of timber, expressed as percent- 
ages of the same properties of teak, are: wt., 125; 
strength as a beam. 105; stillness as a beam, 120; 
suitability as a post, 95: shock-resisting ability. 130: 
retention ol shape, ^5 : shear, 145 ; and hardness. 140 
I Pearson & Brown, II, 99.6: Limaye & Sen. fiidunt 
For. Rcc., NS., Thnh. A/cc/;., 1953. 9^^* Ttotter, 

*944. 254 |- 

The wood is regarded as a heavy construction 
timber and used lor posts and beams in tlie construc- 
tion of houses and bridges ; it is also used for door 
posts, window frames aiul rafters and for agricultural 
implements and can wheels. It is a good firewood 
(calorific valtie: sapwood —5,150 cal.. 9,270 B.t.u. : 
heartwood— 5,iSo cal., 9,324 B.r.ii.) (Pearson (k Brown. 
II, 996 ; Gamble, 678 : Kri.shna ik Raniaswami, Indian 
For. BnILf NS., No. 79, 1932, 22). 

'rhe bark (tannin, 12.6%) is used for tanning. The 
bark and acorns are astritigeni in action and are 
tised in medicine [Edwards vl al., Indian For. Rcc., 
N.S., Chew. & Minor For. Frod., 1952, 1(2), 145 : 
lIoo|)er, Agriv. Lcdfrcr, 1902, 55). 

Q. lanata Sin. syn. Q. lannginoaa J). Don 
Woolly Oak 

l).E.P., VI(i). 384 : FI. Br. Ind., V. 603. 

N K I* A \.—Banffa : K c m a v \ — Ranj, raibanj ; 

(; ARIIWAL - /C/V/n/. 

A large evergreen tree, up to c. 25 m. tall, found 
from Kumaun eastward to Bhutati and N.E.F.A., at 
altitudes of i,2(K)-2..|oo in. Bark grey or brown, rough 
and irregularly exfoliating: young shoots woolly: 
leaves oblong- or ovate-lanceolate : male catkins 
densely wotilly, female flowers 2-5 on a common 
jH'd uncle : acorns sessile, in clusters of 2-5. 

The distribution of this tree is very local, but it 
often occurs in dense pure patches. It is also found 
associated with Q. incana, Q. dilataia. Rhododen- 
dron arhoreum, Pitius roxbnrghii, etc. It is more 
light-demanding, but less exacting as to soil and 
exposure than Q. dilatata. It coppices well. It 
resembles Q. incana as to conditions for successful 
natural reproduction. Artificial reproduction can be 
carried on successfully botli by direct sowing and by 
transplanting from the nursery (Troup, III, 935). 


QUERCUS 

The wood (wt., 850 930 kg./cu.m.) is greyish brown 
in colour, very hard, but apt to warp and split. It is 
used as fuel. 'J'he leaves and young twigs are lopped 
for fodder (IS: 34^-1952, 7). 

Q. lanceaefolia Roxb. syn. Castanopsis lanceacfolia 
nickel et A. Camus 

D.E.P., VI(i), 384 ; FI. Br. Ind., V, 616. 

NFAWi.—Patlc katm ; Lei»c:iia~5/V/ ; Ass.vm— 
lai : Garo Shingra, chauko ; Ku\si—Ding.sning. 

A small evergreen tree found in the sub-Ilimalayan 
tract of Sikkim and Bhutan up to 1,500 m. and 
extending into Assam. Khasi bills and Manipur. Bark 
greyish brown, with close fissures and cracks : leaves 
lanceolate, or oblong-lanceolate : flowers in spikes 
in large terminal tomentose panicles. The wood 
(wt., 721-961 kg./cu.m.), which is greyish white and 
hard, is used in Assam for building purposes. The 
acorns are said to be used as bait for catching birds. 

The bark contains lo-ii, leaves 6-21 and wood 
1-3 per cent of tannin [Gamble, 681 ; Edwards et al., 
Indian For. Rev., N.S., Chew. & Minor For. Prod., 

1952, 1(2), i45|. 

Q. Uneata Blume 

FI. Br. Ind., V, 605. 

N KRAI. - Phalot ; I ao’ci t a— Si ri. 

A small or medium-sized tree found in the eastern 
Himalayas at altitudes of c. 1,800 2,700 m. and in 
Kbasi and Naga hills in Assam. Bark thick, grey- 
brown ; leaves oblong- or ovate-lanceolate : male 
spikes in small fascicles, female spikes on different 
trees : acorns solitary and sessile. 

This is an important tree on the Darjeeling hills 
where it is commonly associated with Q. lamellosa. 
Natural reproduction snflers due to the attack of 
acorns by insects and other pests. Artificially, it is 
reared in the same way as Q. lawellosa. It grows 
comparatively fast. The plant and wood arc subject 
to the attack of some fungi and insects | Gamble, 677 ; 
Troup, III, 949 ; Macalpine, Tocklai exp. Sta. Memor., 

No. 24, 1952 ; Bagchee & Ujagar Singh, Indian For. 

Rec., N.S., Mycol., 1954, 1, 292 ; Mathnr & Balwant 
Singh. Indian For. Rull., N.S., No. 171(7), 1959, loi j. 

The wood (wt., c. H65 kg./cu.m.) is hrown or greyish 
brown and very hard and refractory and is only 
partially treatable. Graveyard tests showed an aver- 
age life of six years. The data for its comparative suita- 
bility as timber, expressed as percentages of the same 
properties of teak, are: wt., 130; strength as a beam, 

105; stiffness as a beam, 120; suitability as a post, 

105: shock-resisting ability, 115; retention of .shape, 
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45; shear, 130; and hardness, 160 (Trotter, 1944, 13, 
254 -55 J Oainble, 677 ; Puriisholham ct aL, Indian 
for., 1953, 79 , 49). 

It is a moderately gootl fuel wood (calorific val. : 
sapwood — 4,899 cal., 8,818 B.r.ii. ; heart wood — ^^^.183 
cal., 9.330 B.r.ii.). '^rhe leaves contain 9-11 per cent 
tannin and hark 15 per cent | Krishna & Ramaswami, 
Indian For, Ball,, N,S., No. 79, 1932. 22 ; Edwards 
ct al„ Indian For, Rcc., N,S., Chew, & Minor For, 
Prod., 1952. 1(2). i45|. 

Q. semecarpifolia Sm. I^kown Oak of 

Himalaya, KiiAKsiir Oak 

D.E.P., VI(i). 385 ; C.P., 91 1 ; FI. Br. Ind.. V. 601 ; 
Troup, Iff, 928-35, Fig. 350-54. 

Nkpal- C/icA/, kasrtt ; Pl njab — Banchar, kharen, 
klarslin ; Ki^maun Karsh u. 

An evergreen or suh-evergreen tree, up to 30 m. 
tall, and with a clean hole 10-12 m. long and c, 2 in. 
or more in girth, found througliout the temperate 
Himalayas from Kashmir eastwards up to Bhutan 
and also in Assam and Manipur at altitudes of i.8(x>- 
3,600 m. : it often ascends to the upper limit of 
tree growth. Bark dark grey, rough, exfoliating in 
irregular woody scales : leaves elliptical or oblong, 
spinous-toothed or entire ; male spikes crowded ; 
female spikes short: acorn suhglohose, in clusters of 
3 or more, about 2.0 2.5 cm. in diameter. 

Kharshu oak forests occur in regions of heavy 
snowfall atid moderate raitifall. The tree does not 
extend into drier parts of inner Himalayas. It is 
gregarious and forms pure forests along the tops 
aiul upper slopes within its well marked /one. It 
is associated with spruce (I'icra swilhiana), silver lir 
(/l/;/c.v pindroK'), etc. It is fouiul both on deep rich 
moist soil in sheltered localities, and on |)oor rocky 
ground on the crests of ridges ; in the latter areas 
it is usually stunted and gnarled. 

Under natural conditiotis it reproduces from .seeds 
in great profusion, particularly if ahundatit overhead 
light is ensured. It is often suppre.ssed by Strobi- 
lanthcs ivallichii Nees, a weed which produces a dense 
matted growth. 'Hie Kharshu oak can he raised arti- 
ficially by sowing in contour lines or by dibbling. It 
is a light deinandcr. Jr coppices and pollards fairly 
well. 'File growth of copj)icc shoots is slow. It can he 
worked under the system of successive regeneration 
fellings. It is subject to attack by a large number of 
rot-causing fungi and larvae that bore into the wooil 
[Troup, III, 928 ; Bagchee & Ujagar Singh, Indian 
For, Rcc„ N,S., MycoJ., 1954, 1, 292 ; Mathiir & 


Balwant Singh, Indian For, Ball,, N.S., No. 171(1), 
1959. 102 1. 

The wood is light pinkish brown to reddish brown, 
heavy to very heavy (sp. gr., 0.95-1.4 ; wt., c. 850 kg./ 
cu.m.), straight- to irregular-grained, medium fine 
and uneven-textured. The timber is very hard, of 
good (juality and durable, h. is difficult to season and 
refractory under tools. It cannot he sawn easily, hut 
lends it.self to cleaving (IVar.stin & Brown, II, 983). 

Though Kharshu oak is a fine strong timber it is 
not much used since more valuable and easily worked 
woods are available in the areas where this oak grows. 
It is used locally for building purposes, furniture and 
ploughs. It can he used as a substitute for imported 
oak from which kegs for maturing whisky are made. 
The wood can he used for |)rcpararion of hard- 
hoards. It is a good firewood and an excellent source 
of charcoal (calorific value: sapwood — 4,819 cal., 
8,676 B.t.ii. : heartwood - 4,815 cal., 8,668 B.t.u.) 
(IVarson & Brown, II, 983: 'Frol ter, 1944, 207 : For, 
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F.KJ., Ih’hm Dun. Fhoto : Hamvsh Ran 

HG. Hl- Ql>:Raj.S StMk’CARPlPOIlA-TRANSVI'KSH SECTION 
OF WOOD (xlO) 


Res. India, 1947 48, pt f, 56 ; Narayannnuirti & 
Kiikar Slnj^Ii. Indian Ridl) PaJ)., iy6i 62, 16 , 543 : 
Krishna & Ramaswaini, Indian Far, Bull., N.S., 
No. 79, 1932. 22). 

'riic leaves make an excellent fodder and arc also 
employed as litter ; they have hei*n found suitable for 
feeding the caterpillars of silk moth, Afilhcraca 
fyernyi Giier. Mene., introduced towards the end of 
the last century from China. The leaves contain 
8 per cent and the hark 7 ii per cent tannin. 
Samples of Kharshii hark are said to have yielded as 
much as 23.7 per cent of tannin. The hark has been 
found to he inferior to Q. incana hark for tanning 
purposes. The hark tannin yields protocatcchuic acid 
and oak red |Gamble. 671 : Edwards rl aL, Indian 
For. Rcc., N.S., Cdiem. c‘V Minor For. Prod., 1952, 
1(2), 145 : Troup, nr. 929 : Wehmer, I, 225]. 

Q. semiserrata Roxb. 

D.E.P., VT(i), 386 ; FI. Br. Ind., V, 604. 

Lushai — Schop ; CACUAK—Ramrotor. 

A large or medium-sized tree, c. 30 m. high 
and 1.5 m. diam., found in Khasi and Caro hills 


in Assam and in Manipur, up to an altitude of 
c. I.2CK) m. Bark grey, rough, hanl ; leaves oblong to 
lanceolate ; male spikes slender, flowers minute. 

The wood (sp. gr., c. 0.99 ; wt., c. 820 kg./cu.m.) is 
reddish brown, straight or somewhat fibrous grained, 
medium fine luit uneven-text ured, hard and heavy, 
ft is not dillicult to saw and work. The wood is used 
for plugs or pins of cart wheels (Pearson tS: Brown, fl, 
993 : Gamble. 677). 

Q. suber Linn. Cork 0.\k 

n.E.P., vr(i), 387 : Kl. Europaea. 1 , 62. 

A medium-sized evergreen tree with a relatively 
short trunk, spreading branches and a uniform 
crown, indigenous to the shore areas of the western 
Mediterranean region. Bark thick, deeply furrowed, 
spongy and elastic : leaves ovate to ovate-ohlong, 
.sinuate dentate : male flowers in thread-like catkins 
in groups : acorns of varying sizes and shapes. 

Cork is obtained from the hark of this tree, mostly 
growing wild. The chief cork-producing countries 
are Portugal, Spain, France and Italy in Europe, and 
Algeria, Morocco and Tunisia in North Africa. The 
area under cork forests in this region is estimated at 
about 2,000,000 hectares, with an average annual 
production of nearly 340,000 tonnes. Over 80 per cent 
of world production of cork is contrihiiied by 
Portugal (c. 50“.',), Spain (c. 22' o) and Algeria (('. 12V0), 
while the neighbouring countries account for tbe 
rest (Cooke, G.B., 1-3 : Willimoit, IPorld Crops, 1963, 
15 , 172). 

Cork oak is a temperate zone tree and thrives in 
an area with mean annual temperature ranging 
between 10 and 21". Climatic conditions which pre- 
vail in its native regions, are described as oceanic. It 
is said to do best on poor soils, where it proiluces cork 
of the finest texture. Cork tree can he propagated by 
seeds sown in nurseries and transplanted in favour- 
able localities. Direct seeding is considered the most 
economical and successful method. Efforts have been 
made to establish cork oak forests in many countries 
and trials in California (U.S.A.) are said to have been 
very successful. Attempts have also been made to 
grow cork oak trees in India particularly in the 
Nilgiris [Cooke. G.B., 13 ; Willimott. loc. cil. ; Bal. 
Manufacturer, 1950, n(i), 18; Krishnamurthi, 225: 
Information from the Central Sylviculturist, Forest 
Re.search Institute, Dchra Dun]. 

Normally, the bark is first stripped from the cork 
oak trees when they are about 20 years old and there- 
after at intervals of 8--10 years, through a productive 
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life of more than 150 years. The hark after stripping 
is stacked and left to season for a few weeks, when 
it dries up and becomes flattened. The hark is 
then boiled for a short time to remove tannins and 
other water-soluble materials and finally dried. The 
yield of cork per tree depends upon many variable 
factors and may range from 20 to 200 kg. or more 
(Cooke, G. B., 9, 13^17 ; Willimoit, loc. cit.). 

The chief characteristics of cork that rentier it 
peculiarly suitable for a variety of uses arc its low 
specific gravity (av. 0.16), compressibility, elasticity, 
impermcahility to both air and water, low thermal 
conductivity, and remarkable resistance to deterio- 
ration. In some cases the natural cork is utilized ; in 
others composition cork, made of coarse or finely 
ground pieces treated with adhesives and moulded, is 
used. Cork is extensively cmploYcd in the making of 
bungs and stoppers for bottles and other containers. 
It is also used in making mats, soles for shoes, linings, 
artificial limbs, life preservers, novelties and many 
other articles. Cork waste finds wide application as an 
insulating material, and is also utilized in the manu- 
facture of linoleum. Wax extracted from the cork 
waste is of considerable hardness and is used for 
making shoe pastes (Thorpe, Ilf, 365 : Cooke. G. B., 
33-60 : Warih, 256). 

The chemical composition of cork \ aries according 
to age, growing conditions and grades of the hark. A 
good specimen conforms to the following values: 
moisture, 3 -7 : fatty acids. 20-38 ; other acids, 10-18 ; 
tannins. 2. 0-6.5 : glycerin, i. 0-6.5 ; lignin, 12.6 -18.0: 
cellulose, i. 8-5.0: ceroids (waxes, stearins, etc.). 


4.5-15.0 ; ash, 0.1-4.0; and other sub.stances, 8-21%. 
Suherin is considered to he the characteristic consti- 
tuent of cork. It is mainly composed of high mole- 
cular polymeridcs of hydroxy fatty acids, of which 
phellonic acid (22-hydroxy docosanoic) is the major 
component. Other fatly acids present arc phloionic 
(9, lo-dihydroxy octadecanedioic), phloionolic (9, 10, 
1 8-trihydroxy octadecanoic) and its stereoisomer 
(m.p. 133^), cis- and /rri;;,v-9-octadecenoic. 18-hydroxy- 
9-ociadccenoic, and several unidentified acids. Crude 
cork wax contains cerin (chief constituent), friedelin, 
steroids, acids, etc. (Rihas, Cliim. et Induslr.t 1952, 
689 333 : Thorpe, Hi, 366 : Cooke, G. B., 25-32 ; 
Dictionary of Organic Compounds, HI, 1685, 1771 : 
IV, 2736; snpp]., 1965, 162; Chew. Ahsir,, 1956, 50 , 
806 ; Warth. 256-58). 

India imports some (|uantiiies of raw cork ranging 
between 1,000 and 3,000 tonnes per annum valued at 
2-3 million rupees, and smaller c|U[mtities of cork 
mamifac'turcs (Table 3). 

O. rohur Linn. (Kncmsii or KrHoi>K.\\ Oak) and a 
closely allied species Q. scssiliflom Salish. are reported 
to he cultivated in Nilgiris. They are said to grow 
well. Other exotic species said to he growing in 
Nilgiris are: Q. cerriss Linn. (Turkish Oak), O. 
coccinca Muench. (liAiTRia. Oak), (X macrocarfht 
Michx. (Bra Oak), and 0 . montmm Willd. (CirrsiM 1 
Oak) (Burkill, IT, 1849 : Krishnamurthi, 224 25 : In- 
formation from the Curator, Government Botaifu 
Garden, Ootacamund). 

Quercus spp. — see Lithocarpus 


TABLE ^-IMPORT OF CORK AND CORK PRODUCTS INTO INDIA 




(Qfy 

in tonnes and Val. 

Qiy 

in thoiisarul Rs.) 


Val. 

JL 



Natural Cork 

1. Raw Cork, including 
natural cork in 

' 1962-63 

1963^4 

1964 65 

1965 66 

1966 67* 

1962 63 

1963 64 

1964 6." 

IVf)5 f)0 

1966 67' 

blocks and sheets 

2.056.3 

1.. 382.2 

1,950.3 

2,996.1 

794.4 

2,911.5 

2,162.9 

2.447.6 

3,194.7 

1,361.9 

2. Cork waste 

4.0 

28.2 

301.2 

90.4 

754.2 

5.6 

28.H 

222.8 

114.8 

1,291.8 

Cork Manufactures 

1. C:ork sheets 

2. Other aggloincmted 

29.4 

71.1 

47.7 

29.6 

5\.S 

140.7 

.367.7 

213.9 

168.6 

439.1 

cork materials 

31.2 

11.9 

1.3.6 

31.5 

70.6 

70.4 

51.3 

79.7 

109.4 

574.8 

3. Cork for bottles 

24.1 

0.8 

1.4 

0.1 


31.S.3 

8.0 

12.4 

1.1 

. . 

4. Gaskets Cork 

2.9 

9.9 

0.5 


. . 

22.7 

53.5 

5.8 


. . 

5. C'.ork board 

2.9 

3.3 


0.3 

. , 

5.7 

6.9 


0.8 


6. Other articles of cork 

79.3 

52.1 

SiU 

69.3 

1.3.4 

552.9 

473.4 . 

325.6 

.348.9 

74.1 


• DaU for the period June 1966 to March 1967. 
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QUILLAJA Molina {Rosnicar) 

Bailey, 1947. Ill, 2891. 

A small genus of sliriihs or trees, native of South 
America. One species Q. saponaria has been inrro- 
fluceri into fnclia. 

y. saponaria Molina (Soap Bark, QnLi.AiA Bark) is 
an evergreen graceful tree, native of the western 
slopes of Andes in Ohile and Peru, and has iieeii 
introduced into India and grown in the Botanic 
Gardens, Ootacamund. Nilgiris. It is said to Ik* suit- 
ahle for growing in cool and moist areas (Knimhiegel, 
28 : Information from the Cairator, Government 
Botanic (rardens, Ootacamund). 

Q. saponaria is the source of Qiiillaia hark, used for 
industrial and medicinal |)urposes, and is olficial in 
I.P. and B.P. The hark consists almost entirely of the 
saponaceous inner hark (phloem), and is procured 
Irom the tree after shaving off the outer liark which 
contains tannin and colouring matter. Init no 
saponin. Quillaia is marketed in the form of odourless 
flat pieces, c. 1 m. long. 10 20 cm. hroad. and 3- 
10 mm. thick (Treasc, 373 : I.P., 514 : B.P.. 1963, 692). 

The powdered (|uillaia yields copious lather in 
water and is used for laundering delicate fabrics : it 
was one of the best war-time einergencv materials for 
(leaning lenses, ft is employed as a detergent, and 
emulsifying and foaming agent in shampoos, hair 
tonits and other cosmetics, tar solutions, and metal 
poli.shes. It also finds use in fire extinguishing 
solutions. Medicinally, the hark is reported to he an 
expectorant and diuretic, and a cutaneous .stimulant. 
Its licpiid extract is euipl(»ved in lotions u.sed as a 
wash for the scalp in certain skin troubles. When the 
hark powder is added to he;*r or soft drinks, it 
increases their foaming power, hut utilization of the 
hark for this purpose is harmful, as it is a heart and 
respiratory depres.sant and causes destruction of red 
blood corpuscles (Trease. 373: Hill. 209: lu fm, Bot., 

• Hocking. 1S6 : Wren, 2S3 : Youtigken, 
420: Allport, 106: Claus. 1(961, 152). 

1 he detergent and medicinal properties of (juillaia 
are due to the presence of one or more haemolytic 
saponins ((9-10';,,). of which (|uillaia-.saponin (m.p. 
207*') is the most important. On hydrolysis, cpiillaia- 
.saponin yields glucuronic acid and quillaiac acid 
(C".,nH,ftO.. m.p. 2(94'"), a triterpenoid sapogenin 
(U.S.n., 1C955, 1153: Mcllroy, 67). 

Quince — sec Cydonia 
Quince, False — sec Docynia 
Quinine — sec Cinchona 


QUISQUALIS Linn, {(^.omhrctacear) 

A small genus of woody climhers distributed in 
tropical and South Africii and Indo-Malaysian region, 
'fwo species arc found in India, of which O. indica is 
probably introduced, as it is not found growing wild 
anywhere in India. 

Q. indica Linn. syn. O. dcnsiflora Wall, ex Micj. 
Rangoon C'kkkper 

D.K.P.. Vlfi), 38S: ri. Br. fnd., II. 459: 1 * 1 . 
Malesiana. Ser. I. 4(5). 544. Lig. S ik 9. 

Wwnx - Rangonn-ki-hc! : G1.1.- Bannasi vri : 'fia.. 
-Ettagntiilativva, ratigoniniallr, tigr-gannrrn : 'I’am. 
— Irangunmalli, iicngarainalligai. 

Bo.mbay Barniasi, lalai /ianich\ rangnnaclnricl. 

A large, woody, scandetir sliriih, probably indi- 
genous both iti tropical Africa and tropical fndo- 
Malaysian rc*gion. cultivated in gardens tlirougltoui 
India, up to an altitude of 300 m. Leaves opposite 
or siih-opposite. papyraceous, elliptic or elliptic- 
oblong. acumitiate. entire : flowers numerous, wititc 



fk;. ij2-quisqL'Ai.is indica— rrowtRiNCi branch 


24A 


357 



QUISQUALIS 


or red, fragrant, in axillary or terminal pendulous 
racemes : fruit dry, coriaceous, ovatc-elliptic, 2.5- 
4.0 cm. X 0.75-1.25 cm., 5-angled or 5-winged, i-seeded. 

Q. xndica is a hardy creeper, commonly planted in 
gardens for its brightly coloured, showy flowers. A 
few varieties are distinguished, showing variations in 
flower colour and leaf size. The plant is easily raised 
from layers, cuttings or divisions of the root, ft does 
well in good soil. Tt grows rapidly, reejuiring a strong 
trellis for its support : it is also grown on an arch or 
on a tree. It can he kept within bounds as a bush by 
removing the long new growths. The plant is in 
profuse blooming almost throughout the year. 
Flowers appear in constant sucOession in drooping 
clusters ; they open in the evening as white flowers, 
gradually assuming a pink tinge by m<»rning and 
deepening to deep red by late afternoon. They are 
sweet-scented. The plant rarely hears fruits in 
northern India (Kor & Raizada, 179-80: Gopala- 
swamiengar, 362 ; Pcrcy-I^ncaster. Bull, tint, hot, 
Gdtis, fntckriozt\ No. 74, 1962). 

Fruits and seeds of Q. indica possess anthelmintic 
properties. Fruits are picked half-ripe when they are 
hitter, pulped in water and the liquid taken in- 
ternally ; seeds from ripe fruits may also he used. 
Ripe seeds are sweet and are eaten only in strict 
moderation. More than 4 or 5 seeds are reported to 
cause colic in some cases. Seeds possess .sporilic jiro- 
perties. An overdose causes unconsciousness. In (^hina, 
ripe seeds are roasted and given in diarrhoea and 
fever ; they are also used for rickets of children in 
Indo-China. Macerated in oil, seeds are used as an 
external application to parasitic skin diseases. An «)il 


extracted from the seeds possesses purgative pro- 
perties (Burkill, II, 1860-61 ; Monachino, Econ, Bot,, 
1956, 10 , 42 : Kirt. & Basil, II, 10^7 : Qiiisiimbing, 

656); 

'fhe anthelmintic properties of the .seeds are 
attributed to the presence of an active principle 
reseinhling .santonin. The proximate compo.sition of 
the .seeds (wt., 1.0 -1.5 g.) is as follows: moisture, 6.5 : 
nitrogenous matter, 10.7 : fat, 23.9 ; N-free exlr.. 
^8.6 : cellulose, 3.9 ; and ash, 6.5%. I'liey are also 
reported to contain malic, citric and succinic adds, 
unidentified alkaloids and potassium sulphate (3.9%). 
They yield 23-27 per cent of a clear, yellow fatty oil 
having the following characteri.stics: sp. gr.*'”’", 0.907 ; 

, 1.4585 : .sap. val., 187-202 : iod. val., 59-67 ; acet. 
val.. 3-21 : R.M. val., 1.4 ; and iinsapon. matter, i.o- 

i. 5'.''n. '^I'he fatty acid compo.sition of the oil is: 
myristic, ^.5 : palmitic, 29.2 : stearic, 9.1 : oleic. 48. 2 : 
and linoleic acid, 9“.,. 1'he fruits contain trigonelline. 
'I’he deep reil flowers contain cyanidin monoglyco- 
side (Claus. 1961. 188 : Mensier, 482 : Adriaens, 252- 
54: C.hcm. Ahstr., 1951, 45, 3564. 5687 ; 1941. 35, 
^913 : Wehmer. 11 . 822 : Kckcy, 705 ; Sharma 
Seshadri, ]. sd, industr, Rvs., 1955, 14B, 21 1). 

Extracts from the roots and from the leaves are 
also ellcctive as anthelmintic. The juice of leaves is 

ii. scd by the Malays as a lotion for boils and ulcers. 
Leaves are used in a compound decoction to relievi* 
flatulence (Burkill. II. i860 : Kirt. & Basu. 11 . 1037). 

In Indonesia, very young shoots are eaten raw 01 
steamed. The long flexible stems are u.sed f«>r 
ba.sketry. fish weirs and li.sh traps in 'Togolanil 
(Burkill. n. 1861 : Tr\Ine. 1961. 127 28). 
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Rabbits — see Rodents 

RADERMACHERA Zoll. 6 l Morirzi (Hignoniaceae) 

A large genus of trees, distributed in the Indo- 
Malaysian region. Three species occur in India. 

R. xylocarpa (Roxb.) K. Schum. syii. Stereos pc rtnum 
xylocarpiim Benth. & Hook. f. Padri Trkk 

D.E.P., VI(3), 367 : FI. Br. Ind., IV. 383. 

Mar. — Kharsing, kadashing, hairsingc ; 'Tki.. — 
Nagadudilam, warawaili ; Tam. — Vadencanii, vedatu 
gurtini, 77 iulaiutbi, pathiri ; Kw. Kootumakoombu- 
tfwra ; Mal. — Vedangkonna, edangkortw : Oriya - 
Kliondu-partoli. 

Madhya Pradesh — Paral, jaimangal ; Cooro Vdi. 

A medium-sized tree, up to 18 m. in lieight and 
2.4 in. in girth, found throughout the Deccan Penin- 
sula up to an altitude of c. 1,500 m., extending into 
parts of Gujarat. Madhya Pradesh, Bihar and ()rissa. 
Bark greyish, flaky : leaves large, up to 1 m. or even 
more in length, 2- or 3-pinnate: pinnules elliptic to 
ovate : 5.0-7.5 cm. long : flowers large, fragrant, 
white tinged with yellow or pink, in dense panicles : 
capsules cylindric, woody, prominently tidiercular, 
slightly curved, up to yo cm. long and 3.8 cm. broad : 
seeds thinly discoid, c. 3.2 cm. long including the 
wings. 

The tree occurs usually in deciduous forests. It is a 
liglu deniandcr, though young trees tolerate some 
shade. It prof luces root suckers. Artificial propagation 
may be ilone by sowing seeds wliich have matured 
for nearly a year ; newly gathered seeds rarely 
germinate. The seedlings are transplanted at a 
spacing of 6.0 m. They need irrigation at least in the 
first dry season. The rate of growth is slow, the annual 
girth increment being 0.7-1. 8 cm. The tree is occa- 
sionally planted in gardens and is also grown as an 
avenue tree, though it becomes leafless for a short 
period in the ])cginning of the hot season. The tree 
is attacked by defoliators [Troup, II, 683 ; Cameron. 
212 ; Indian For,, 1948, 74 , 279 ; Mathur & Balwant 
Singh, Indian For, BulL^ N,S,, No. 171(8), i960, 74]. 

The sapw'ood is grey to light brownish grey ; heart- 
wood greyish brown when first exposed, with a 
tendency towards yellow streaks or patches, aging to 
golden or orange-brown, straight- or irregularly inter- 
locked-grained, medium coarse- and fairly even- 


textured, hard, moderately strong, tough, elastic 
and heavy (sp. gr., 0.69 ; wt.. 624-897 kg./cu.m.). 
There is a tendency to short wavy-grain in some 
specimens, giving the hoards an ornamental appear- 
ance resemhling leak. It is a medium refractory 
limber. The wood seasons well with care and is 
durable : graveyard tests have indicated a durabi- 
lity of 7-10 years. It is easy to saw and work 
and to turn f>n a lathe to a fine surface : it takes 
a good polish. The data for the comparative suit- 
ability of the timber, expressed as percentages 
of the same properties of teak, are: wt., 100; 
strength as a beam, 80 : stiffness as a beam, 80 ; 
suitability as a post, 85 : shock- resisting ability, 75 ; 
retention of shape. 85 ; shear, 120 : and hardness, 1 15 
(Pearson (k Brown. II. 777 80; Trotter. 1944, * 5 * 
Krishnamurti Naidii, 105 : 1 /imave Sen. Indian 



F.R.I., Dehra Dim. Photo : Ramesh Ran 

FIG. IH-RADERMACHERA XYI.OCARPA— TRANSVERSE SECTION 
OF WOOD (xlO) 
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For. Rec.y N.S., Timh. Mech., 1953, 1, 98 : Talbot, II, 
315: Puruslioibam ct al., Indian For., 1953, 79, 49; 
Liinayc, Indian For. Rrc., N.S., Timb. Mech., 1954, 
1 , 60, Sheet No. 19). 

The wood is used for house building, furniture, 
earls and carriages, and for agricultural implements. 
It is suitable also for panelling, packing cases and 
sleepers, ft is a good fuel wood : calorilic value : 
sapwood — 5,175 cal., 9,315 B.t.ii. : hearlwood 5,449 
cal., 9,809 B.t.u. (Pearson & Brown, II, 780: Krishna- 
iiuirti Naidii, 105 ; Liiiiaye, loc. cit. : Krishna & 
Ramaswami, Indian For. Bull., N.S., No. 79. 1932, 24). 

The tender fruits are reporteil to he eaten as a 
vegetable. The plant is credited with aiiti.septic pro- 
perties, and a resin, extracted from the wood, is used 
for the treatment of skin troubles. The root bark is 
bitter and astringent and evidently used as a substitute 
for the root hark of Stcrcospcrtnnm pcrsonaluui 
(Hassk.) I). Chatierjee and S. suaveolens IX^. 
(Pharmacognosy of Ayurvedic Drugs. Ser. I. No. 2, 
'953- 50 5')- 

Radish — sve Raphanus 
Radish, Horse — see Cochlearia 


Radish Tree, Horse — .see Moringa 
Radix Ratanhiae — .see Krameria 
Raffia Palm — see Raphia 
Ragi — see Eleusine 
Railway Creeper — see Ipomoea 
Rain Tree — sec Enterolobium 
Raisins — see Vitis 

Ramboostan, Rambutan — .see Nephelium 
Ramie — see Boehmeria 

RANDIA I ^inn. (Ruhiaeeae) 

A large genus of erect or climbing shrubs and trees 
distributed in the tropical and sub-tropical regions of 
the. world, especially in Asia and Africa, Aboiil 14 
species occur in India. 

The delimitation of this genus is still not clearly 
defined. Ba.sed on pollen characters and floral morpho- 
logy, .some of the Indian species are now referred to 
.several genera, vi/. Xerompliis Rafin., Rothmania 
Thunb., Aidia Lour., etc. (Keay, Bull. Jard. hot. 
Bru.x., 1958, 28, 15 : Maheshwari, Bull. hot. Surv. 
India, 1961, 3, 91). 


R. spinosa Poir. syn. R. dumeiorum Poir. : R. hrandisii 
Gamble ; R. longispina Wight & Arn. ; R. tomentosa 
Wight & Am., non Blume : Xerompliis spinosa Keay 

Common Emeiic Nut 
1).E.P., VI(i), 389 ; FI. Br. Ind., Ill, 1 10. 

San.s. Madana ; Hindi, Bymg. — Main phal ; Mak. 
— Glicla, peraUi, wagatta, mindhal ; Guj. Mindhal ; 
Tel. — Manga ; Tam. — Marukkallankay, mad karai ; 
Kan. — Kare, banegara, mangari ; Mai.. — Kara ; 
Ohiya — Palova. 

Assam — Gurul, behmona, mon ; Kiiasia — Dieng- 
makasing-hhlaw ; Kumaun — Ghara, rara ; Pu.njab - 
Arara ; Nepal — Maidal, amuki ; Lepciia — Panji, 
ntng-gong‘Zliu ; Kashmir Kirkla, kokoa, 

A deciduous, thorny shrub or a small tree, up to 
9 in. in height and 90 cm. in girth, with a bole 2 -3 m. 
high in favourable localities, found throughout India, 
up to an elevation of 1.350 m. in the hills. Bark dark 
brown or grey, rough, scaly : leaves obovate : flowers 
first white, later turning to yellow, fragrant ; berry 
yellow when ripe, 3.0-3.7 cm. long, globo.se or broadly 
ovoid. .sin(x>th or obscurely longitudinally ribbed : 
seeds many, flat, about 4 mm. long, angular. 

This species appears to be polymorphic anti some 
authors have split it into three: (/) R. dnmetornm 



FIG. 134-RANDIA spinosa— flowering BRANCH 
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F.R.l., Dehra Dun, Photo : Ramesh Rao 

riG. IIV-KANDIA SPlNOSA-TKANSVERSt; SECllON 
OF WOOD ( X 10) 


.sr/WM stricto, distributed in the eastern coastal districts 
of Andhra Pradesh and Madras and parts of the 
Deccan : (ii) R. longispina Wight & Arn., distributed 
in North India from Kuniaun to Assam, extending 
southward into the hills of Vishakhapatnam ; and 
(Hi) R, bmndisii Oamhle, distributed in the Deccan 
Peninsula, especially in the wresiern parts (Gamble. 
Kew BnlL, 1921, 312 : KI. Madras, 614). 

R, spinosa is common as an undergrowth in the sal 
forests of the suh-Himalayan tract and in many parts 
of the Indian Peninsula. It is drought-hardy and 
reproduces by root suckers. Its rate of growth is 
moderate with a mean annual girth increment of 
1.5 -2.2 cm. It is subject to attack by many insects 
I'rroup, II. 632 : (iambic, 413 : Mathur & Balwant 
Singh. Itiduin For, Bull, NS„ No. 171(7). * 959 * *^ 7 l- 

The wood is while to light-brown with indistinct 
heartwood, straight-grained, very fine- and even- 
textured, moderately durable and moderately heavy 
(sp. gr., 0.75 ; wi., 769 kg./cu.m.). The timber is 
liable to develop end-splits while seasoning. It is 
durable under cover and moderately so in exposed 
situations. It is not difficult to saw : it machines and 


turns well, finishing to a good surface, hut is liable to 
contain numerous small knots. It is used for making 
walking sticks, umbrella handles, and ploughs. It is 
considered suitable for cotton-reels and small solid 
bobbins, mathematical instruments and calico-print- 
ing blocks, ft is a moderately good fuel wood : 
calorific value of the wood — 4,787 cal., 8,617 
(Pearson & Brown, II. 640-42 : (Gamble, 413 : Trotter. 
1944. 209. 214. 229; Krishna & Kamaswami, Indi/iii 
For, Bull, N,S., No. 79, 1932, 22). 

Destructive distillation of wood gave (on dry wt. 
basis): charcoal, 30.0; tar, 10.8; pyroligneous acid. 
40.2 (acid, 5.4 : ester, 5.0 ; acetone. 3.7 ; and methanol, 
i.o) : pitch and losses, 1.7 ; and gas, 17.0% (Kedare & 
Tendulkar, /. sci. industr. Res,, 1953, 12B, 217). 

The fruits ripen in the cold season. T'hey are eaten 
after roasting or cooking; the taste of the roasted 
fruits is said to he like that of almond. Owang to the 
high tannin content, the fruit has a highly astringent 
taste and re(|uires prolonged cooking before it can he 
consumed. The fresh green fruit consists of: outer 
peel, 19.7 : outer hard pulp. 50.6 : and inner seedy 
pulp, 29.7%. The outer and inner pulps have respec- 
tively. the following proximate composition: mois- 
ture, 74.1, 71.4 ; ether extr., 0.2, o.i : protein, 0.9, 0.7 : 
sugars, trace, 5.5 ; other soluble carbohydrates, 17.7. 
6.7 : crude fibre. 4.4, 9.5 ; acids (as citric), 0.3, 0.5 : 
and tannins, 1.6, 5.0°,.. Presence of pectin, mucilage, 
and tartaric acid is also reported |Santapau. Rec. hot, 
Surv. India, 1953, 16 (i), 134 ; Siddappa Sc Bhatia, Bull, 
cent. Fd technol. Res. Inst., Mysore, 1952-53. 2 , 16 : 
Wehmer, II, 1 167]. 

The fruit is credited with a number of medicinal 
properties. The pulp of the fruit, dried and powdered, 
is said to be a valuable emetic and used as a substi- 
tute for ipecacuanha (Cephaelis ipecac uanlui). In 
smaller doses, it is nauseam, expectorant and diapho- 
retic. It is considered to have anthelmintic and ahorti- 
facient properties. The fruit is said to he useful as a 
nervine calmative and aniispasmodic. It is esteemed 
as a domestic remedy for ailments to which children 
are subject at teething. The unripe pounded fruit as 
well as the root are used as a fish-poison. The poison- 
ous properties are said to decrease and disappear as 
the fruits ripen. The fruits arc said to he mixed with 
stored grain to preserve it from the attack of insects. 
The unripe fruits are also used as soap in some areas 
(Nadkarni, I, 1047 : Watt & Breyer-Brandwijk, 907 ; 
Burkill, II. 1863). 

The activity of the drug is attributed to the 
presence of saponins, which occur to the extent of 
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2-3 per cent in fresh fruits (c. 10% in dried whole 
fruit). 'File saponins arc concentrated mostly in the 
pulp. A mixture of two saponins, viz. randia or 
neutral saponin (m.p. 289-90® decomp.) and randia 
acid or acid saponin (m.p. 260® dccomp.) has been 
isolated from the pulp ; the two saponins occur in the 
fruit at all stages of ripening. On complete hydrolysis, 
both the saponins yield olcanolic acid as the sapo- 
genin. The acid saponin is believed to be the natural 
prosapogenin of the neutral saponin. It is formed by 
the combination of olcanolic acid with a molecule 
each of glucose, fructose and xylose and probably 
two molecules of glycuronic acid. In a later investi- 
gation. a new saponin designated as iirsosaponin 
(m.p. 245-^7° decoinp.) was isolated from tbe etha- 
nolic extract of tbe dried whole fruit : on hydrolysis 
it gave ursolic acid and glucose. Besides saponins, the 
fruit contains a new triterpene (m.p. 225-27°). and 
acid resin and trace of a pale yellow essential 
oil with characteristic odour of the drug (Ilardikar 
& Mohiuddin, Indian /. med. Res., 1937-38. 25, 
131 ; Gcdcon, Arch. Phartn., Beri, 1952, 285, 127 : 
Varshney & Sannie, C. R. Acad. Sci., Paris, 1956, 242, 
2393 ; Atal & Lamba, Indian ]. Phanu., i960. 22, 120). 

The ethanolic extract of the pulp showed a .stimu' 
lant action on isolated guinea-pig uterus. In experi- 
mental animals, crude saponin produced salivation : 
on contact it caused a generalized irritation of the 
mucous membranes producing sneezing, vomiting, 
and bleeding from the urinary tract. The cornea was 
inflamed and the drug caused haemolysis both /// 
vitro and in vivo. The perfused frog bean was 
arrested in a few minutes, or with higher concen- 
trations practically insianianeou.sly. The drug was 
rapidly detoxicated by the liver. Owing to high 
saponin content and haemolytic index (8.540) of the 
fruits, further investigation on their possible use as 
expectorant and as substitute for roots of Poly^ala 
senet^a has been suggested (Jamwal & Anand, Indian 
]. Pharm., 1962, 24, 218 ; Hardikar & Mohiuddin, loc. 
cit. ; Chopra, 1958, 396 ; Atal & Lamba, loc. cit.). 

The fruit extracts exhibit insecticidal and inseci- 
rcpellcnt properties. They could possibly be used as 
synergists in insecticidal preparations (Jacobson. 215 : 
Abrol & Chopra, Bull. reg. Res. Lab., Jammu, 1963. 

1. 156). 

The fruits arc used as a colour intensilicr in calico- 
printing ; they are said to be used in China to produce 
a yellow dye. 

The seeds are said to be used as tonic to induce 
appetite, "fhey are reported to be free from saponins. 


They contain fat (1.5%), protein (14.2%), mucilage, 
resin, organic acid (1.4%) and a minute (juantity of 
an unidentified alkaloid. The seed fat (Randia fat) is 
yellowish green in colour, with the consistency of 
butter and the following characteristics: m.p., 28-29° • 
sp. gr.^"*. 0.9175 ; acid val., 13.8 : sap. val., 160.2 : and 
iod. val., 43.2 (Brcssers, 76 ; Ilardikar & Mohiuddin, 
loc. cit.: Wehmer, II, 1167: Krishna et al., Indian 
For. Rcc., N.S., Client., 1936, 1 , 41). 

The bark is astringent and is given in diarrhoea and 
dysentery. An infusion of the bark is used as 
an emetic. It is also reported to be aboriifacicnt. 
It is given internally and also applied extern- 
ally in the form of a paste in rheumatism and to 
relieve pain of bruises and bone-ache during fevers : 
it is considered a .sedative and nervine carminative, 
'fhe bark contains scopoletin, d-mannitol, and a 
mixture of saponins. The saponins on hydrolysis 
yield gluco.se. xylo.se. rhainnose, and two triterpenic 
acid .sapogenins designated as randialic acid A 
I i9(a)-hydroxyursolic acid, C.,„H,/), ; methyl e.ster. 
m.p. 2tM: 02° I and randialic acid B (19-dehydroursoIic 
acid, CaoHiftO;, ; m.p. 256-57°) (Kirt. & Basil, II, 1274 ; 
Nadkarni, I, 1047 : Haines, IV, 433 ; Chopra, Nayar 
& Chopra. 209 : Modi. 316 : Tandon. Indian j. 
Chem., 1966, 4, 483). 

'File roots possess marked insecticidal and insect- 
repellent properties. Ten per cent aqueous extract of 
the roots sprayed against the green-scale (Coxus 
viridis Gr.) of coffee recorded 80 per cent mortality 
of the in.sccts in four tlays. I'hc roots are also used 
as fish-poison. The roots contain scopoletin and 
f/-mannitol (Jacolxson, 215: Chem. Abslr., 1936, 30 , 
803, 804 ; Govindachari cl al., J. sci. indiisir. Res., 
1959, 18B, 175 : Anjaneyulii el al., Indian f. Chem., 
1965. 3 , 237). 

The plant is readily browsed by goats, and is lopped 
for fodder in Uttar Pradesh, A.ssam and Mahara.sbtra. 
Analysis of the leaves gave the following value.s (on 
dry wt. basis) : ether extr., 5.7 : protein, 3.9 ; dig. 
carbohydrates, 70.0; fibre, ii.o; ash, 8.5: calcium, 
2.8 ; phosphorus, 0.04 ; and iron, <?.5Vn (Troup, 11 . 
632: Laurie. Indian For. Leafl., No. 82. 1945. 10: 
Lander, Misc. Bull., imp. Conn, agrie. Res.. No. 16. 
1942. 84). 

The flowers yield an e.ssential oil with fragrance 
reminiscent of Gardenia oil, but the perfume is not 
commercially prepared. The honey ol)iained from 
them is golden yellow in colour and contributes 
nearly 25 per cent r)f the honey gathered annually 
from the western ghats (Khan, Pakist. J. For., 1958. 
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8, 342 ; (Ihaiihal & Dcodikar, Indian lire /., i<;65, 

27, 6). 

R. uUginosa DC^ 

D.E.P., VI(i). 391 : Kl. Br. Ind.. Ill, no; Talboi, 

11. Fig. 340. 

Hindi — Pindalu, [xinar, ktitid ; Bknc;. — Piraln : 
Mar - Pcudari, Udplielru, plietra ; Gvj- Ganged ft, 
gcngdi ; Tel. — Nalla kakislia, nallaika, gnanka : 
T\m, - Wagatla, pvnmkarai ; Kan. — Kare ; Mal. 
Fannikara ; Otiiya -Pend ra. 

Assam — Bon-bungana ; Kvwws- -Findru ; 

(iARHWAL- Mabiphal ; Nepal —Maidfd. 

A deciduous armed tree with (|uadrangular 
branches, up to 7.5 m. in height and 1.2 m. in girth, 
found nearly throughout India, up to m. in the 
hills. Bark reddish brown, scaly ; leaves obovaie or 
obovate-oblong : Ilowers dimorphic, white, and frag- 
rant ; berry ellipsoid or ovoid, 5-6 cm. long, yellowish 
brown, crowned with persistent calyx ; seeds about 

12, compressed, smooth, closely packed in pulp. 

The plant is common in the suh-Himalayan tracts 
from the Yamuna eastwards and in eastern, central 
and southern India. It freely produces root suckers, 
and is hartly against frost and drought. The rate of 
growth is moderate, with a mean annual girth 
increment of 14-2S mm. Several defoliators and borers 
attack this tree |Troup, 11 , 632 : Oamhle, 413 : Talbot, 
II, 97 : Mathur & Balwant Singh, Indian Far. BtdI., 

N. S., No. 171(7), 1959. 108 1 . 

The wood is whitish grey or light-brown, clo.se- 
grained. hard and fairly heavy (wi.. 720 833 kg./ 
cu.m.) and without hcartwocKl. It is not used for any 
special purpose, but is one of the possible box-wood 
substitutes ; it is suitable for turning small articles 
(Gamble, 412-13 : Talbot. II. 97 : Khan, 197). 

Destructive distillation of wood gave (on dry wt. 
basis): charcoal. 30.4: tar. 9.6: pyroligneous acid, 
39.7 (acid, 5.0 ; ester. 3.7 : acetone, 2.7 : iiiethanol. 
1.^) ; pitch and losses. 1.7 : and gas 18.5V.. (Kcdare & 
'fendolkar, J. sci. indiistr. Res., 1953, 12B, 217). 

'rhe fruits ripen in February-March and are 
eaten boiled or roasted, either alone or in curries. 
Analysis of the edible matter gave the following 
values: moisture, 81.7: protein, i.o: fat, 0.2: fibre, 
3.9; other carbohydrates, 12.5: and mineral matter, 

O. 7 g. ; calcium 33 mg. : phosphorus, 13 mg. : and 
calorific value. 56 cJil./ioo g. (Nutritive Value of 
Indian Foods, 72, io8). 

The unripe fruit is astringent. The roasted pulp is 
used as a remedy in diarrhoea and dysentery, espe- 


cially during pregnancy, ft is used in dyeing as a 
colour intcnsificr. The unripe fruit is employed as 
lish-poison. The fruits, like those of R. spinosa, con- 
tain a saponin of oleanolic acid, which appears to 
be responsible for their toxicity to fish. They also 
tamtain mannitol ^ind leucocyanidin (Jain, Curr. Set., 
1565, 34, 505). 

'Fhe roots are considered to possess cooling, 
diuretic, and tonic properties. They arc employed in 
biliousness and boils in children and in diarrhoea and 
dysentery (l)atta & Mukherji. Bull. Pharmacogn. 
Lnh,, No. 1. 1950, 69). 

'Fhe leaves are boiled and eaten. "Fhey are used as 
fodder for deer and cattle. 

Flowers yield an essential oil .similar to Gardenia 
oil, but the perfume is not commercially prepared 
(Khan. Pakist. J. For., 1958, 8, 342). 

R. candolleana Wight ^ Arn. (Tel. Konda 
manga : Kan. — Maliagarc, beitamangare) is a small 
tree, found on very dry stony hills in South India 
from the Circars to the edge of the Mysore Plateau. 
The wood is light-brown, clo.se- and even-grained, 
hard and heavy (wt., 961 kg./cu.m.) (Gamble, 414). 

R. cochinebinensis Merrill syn. R. densiflora 
Heiifh. : R. racenwsa F. Vill. (Kiia.st Dieng-iong- 
blci) is a large shrub or a small tree, sometimes 
up to 18 m. high, found in Assam, the Naga and 
Kha.si hills. Tmvancore and the Andaman and 
Nicobar Islands. I'he wood is pale-brown with a 
light-red or light-purple tinge, bard, heavy (av. wt., 
828 kg./cu.ni.) and durable. It is reported to be used 
for house construction in Malaya and for marquetry 
in Indo-China. In Christmas Islands, it is used for 
walking sticks and umbrella handles. In Camhodia. 
the wood and the bitter bark are used in the treat 
ment of fever. A decoction of the roots is used in 
bowel complaints. 'Fhe fruit is also said to be used 
medicinally (Parkinson, 190 : Burkill, II. 1863 : De.sch, 
•954. *188). 

R. exallata Griff, is a medium-si/.cd to tall tree with 
a slender trunk, found commonly in the Andamans. 
The wood (wt., 542-657 kg./cu.m.) is light-brown 
with a pink tinge, and apparently not durable. In 
Indo-China. the fruits are used in rhe preparation of 
a black dye (Burkill, IT, 1864 : De.sch, 1954, 448). 

R. fasciculaia IX!. (As.sam — Hohru-majan, puli- 
kaint) is a thorny, spreading shrub or a small tree, 
found in the Himalayas from Nepal to Bhutan and 
Assam, up to an altitude of 1,200 m. The wood is 
cream coloured or light-greyish brown, hard and 
close-graine<l. The leaves of the plant are reported to 
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Ik* used lor poiillic iiig sores (FI. Assam. Ill, 6c> ; 
(Gamble, 412 : Biirkill. FI, 1865). 

R. irardncri Thw. (1am. Radaruppan) is a inediiim- 
si/ed unarmed iree wiili white flowers, found in the 
evergreen forests of Kerala, at altitudes of 150-450 m. 
The wood is light-vellowish hrow'ii, close-grained, 
moderately hard and heavy (wt., 929 kg./cii.m.). It 
takes fine |)olisli hut is seldom used (Boiirdillon. 193). 

R. Inufri flora l^am. (Assam Rnlikaiiit, horokiatih 
kora) is a large ramhiing variable sliruh, up to 3 m. 
in height, with fragrant flowers and obscurely ribbed 
lierries 8 14 mm. long, found in Assam and the 
Andamans. The wood is cream coloured. 'Fhe fruits 
are used medicinally in Indo-China (FI. Assam, III, 
58 : Kirr. tV Basil, II. 1277). 

R. macrautha DC. syn. Euclhiia Imigiflora Salish. 
is a tree, up to 6 m. in height and 30 ctn. in girth, a 
native of tropical Africa, introduced and grown for 
its large, fragrant, trumpet-shaped flowers. It can he 
propagated tlirough layering. The black fruit pulp 
is edible ((iopalaswamiengar. 285 : Irvine, 1961, 671). 

R. walaharica Lam. (Tki.. Palalli, Indda malic; 
Ta.m. Pudaii) is an erect, much branched, thorny 
shrub, found in Orissa and southwards in most areas 
of the peninsula, usually in dry, evergreen scrub 
forest. 'I’he plant is used for fencing, and is considered 
very useful for afforestation. The wood is greyish 
white, close-grained, hard and heavy (w't., 673 kg./ 
cu.m.). It is used as fuel. The roots contain scopoletin 
((iambic, 414 : (iovindachari ci al„ J. sci. iudustr, 
Rrs., 1959. I8B, 175). 

R. trtrasjx’rma Benih. iV Hook. f. syn. Aitlia tetra- 
sperma (Roxh.) Yama/aki (Kcmai n Ghara : Pi niab 
— Kikra) is a small, erect or procumbent shrub with 
fragrant flowers, found in the suh-trojiical ilimalayas 
from Kashmir to Sikkim and Bhutan and in Assam, 
up to an elevation of 2.000 m. The plant is browsed 
hv goats, and is often reduced to a dense compact 
hush. The wood is light-greyish brown, clo.se- and 
even-grained, hard and heavy (wt.. 897 kg., cu.m.). 
The straight branches are suitable for making w^alk- 
ing sticks ((iarnhle, 412 : Troup, 11 , 632 : Gupta, 

R. zvallichii Hook. f. (Kha.sia Dicn^-snh-lakhai 
shrcc) is a tree, up to 15 m. high, found in Bhutan 
and Assam hills, at altitudes of 300-1, 2(x> in. The 
wood is cream coloured and much prized in .some 
parts of A.ssam (FI. A.s.sam, TII, 61). 

Rangoon Bean — see Phaseolus 

Rangoon Creeper — see Quisqualis 


RANUNCULUS Linn. (Ranumnlaecne) 

A large genus of annual or perennial herbs, distri- 
buted chiefly in the northern temperate regions. 
Alxiut 26 species occur in India. 

The members of this genus are popularly known as 
Bu riKRi:up.s or Crovvkoot.s and .some of them are 
grow'n as ornamentals. Several of them possess vesi- 
cant and toxic jtroperties, the toxic principle being 
destroyed on drying or boiling. The expre.s.sed juice, 
steam distillate and .saline extracts of .some .species 
arc reported to po.sse.ss antibacterial, antifungal and 
antimalarial activity | Jindal, Indian Ifort., 1961-62, 
6 ( 1 ), 27 : Kri.shna A' Badhwar, /. sd, indnstr. Res,, 
1947. suppl., 9 : Scegal & Holden, Science, 1945, 
101, 413 : Biol. Ahstr., 1950, 24, 2274). 

R. arvensis Linn. C'ohn Bi^riKRcup 

D.K.P., VI(i). FI. Br. Ind.. I, 20: Blatter, I, 
PI. 2. Fig. 8. 

Punjab - Chamhul. 

An erect, much branched, annual herb, up to 
(x) cm. high, found in the western Himalayas from 
Ka.shmir to Kumaun as a weed in cultivated fields 
during winter .season : it is also recorded from 
Mt. Abu. Leaves radical and cauline, the former long- 
.stalked and .spathulate. the latter short-stalked and 
deeply divided into 2 or 3 narrow' .segments : flow'ers 
pale yellow : fruit a globose head of 5-10 flattened, 
spinous achencs. 

"^rhe herb is reported to be used in intermittent 
fevers, gout and asthma. It is greedily eaten by sheep 
and goats but is sometimes fatal to tbem (Kin. tV 
Basil, I, 16 : Stewart. 5). 

I'be herb jio.s.se.s.ses antibiotic* activity. Tbe active 
principle protoanemonin (0.54 *,.) and its glucosidic 
precursor, ranunculin, have been isolated, 'riu* herb 
yields hydrocyanic acid in very small amounts 
(Chem. Ahsir., i(;57, 51, 6928 : 1 lill Van I leyningen, 
Biocliem. /., 1951, 49, 332 : Shearer, I'et. /., 193S, 94, 
22 : C'hopra, Nayar & ('bopra, 2cxj). 

R. sceleratus Linn. 0 '.i.kky-i.kavki) CIkowiooi, 

Bm.stkr BiJin';R(:rp 

D.F.P.. Vl(i). : FI. Br. Ind., I. 19 ; Kiri. & Basu, 
PI. 5A. 

Dkliii Jaldhania ; Kumaun- ; Mundari - 
Bir-mani. 

An creel, .succulent herb up to 90 cm. high, found 
in the plains of northern India and in the warm 
valleys of the Himalayas from Kashmir to A.ssam, 
up to an altitude of i,5(x> m. Ixraves 3-partite, radical 
leaves long-stalked, and cauline leaves short-stalked 
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or sessile, deeply divided ; flowers small, pale yellow ; 
fruit ohiong-ovoid, 6-9 mm. long, achcncs many. 

The fresh plant is highly acrid and produces 
violent effects if taken internally. It is reported to 
cause blisters on skin even on touching, and inflam- 
mation of the digestive tract when cattle feed upon 
it. If eaten in large quantities, it is even fatal. Smaller 
cluantities cause reduction of milk yield and impart 
a hitter taste, unpleasant flavour and smoky red 
colouration to the milk. The toxic properties are 
destroyed on drying or boiling. The clried plant in- 
cluded in hays is non-toxic. The boiled herb is .said 
to be consumed as vegetable (Chopra et ai, I, 117 ; 
Connor, BulL Dep. sci. induslr. Res., N.Z., No. 99, 
1951. 20; Jacobs & Burlage, 183: Shearer. Vel. /., 
1938, 94 , 22). 

The plant is used as a stimulant and diuretic. The 
juice has caustic pro|)erties and is rubefacient : it 



is used in sciatica, rheumatism, dysuria, asthma, 
pneumonia and gripe. The drug is said to be useful 
as vermifuge, antispasmodic anil anodyne. In popular 
medicine and in homoeopathy it is used against skin 
disorders (Kirt. & Basil, I, 15 ; Dymock, Warden & 
Hooper, I, 38; Jacobs & Burlage, 183; Hoppe, 761 ; 
Stcinmetz, II, 376). 

The vesicant properties of the fresh plant are attri- 
buted to a substance called proioanemouin (anemonol 
or ranunculol), which is pre.scnt in all parts of the 
plant except .seeds. Protoanemonin (C.;II|Oa) is 
obtained on steam distillation of the fresh plant as 
an extremely acrid and lachrymatory, yellow, volatile 
oil : its yield from the plant just after the full bloom 
was 0.38 per cent on fresh and 2.50 per cent on dry 
weight basis. It occurs in the form of a glucoside, ran- 
unculin (C,|H,bO^), which breaks down en/ymically 
in the crushed tissues liberating protoanemonin and 
glucose. Protoanemonin is the lactone of y-liydroxy- 
vinylacrylic acid, and readily dimerizes in air to 
crystalline anemonin (C,„HhO|), which is also un- 
stable and spontaneously decomposes to keto acids 
like anemonic acid (C,„H,aO,.). A more recent investi- 
gation of the fresh plant has .shown the presence of 
5-hydroxy tryptamine, seratonin, wdiich is a potent 
vaso-constrictor. The plant also contains six other 
tryptamine derivatives and two unidentilied anti-j- 
hydroxy tryptamine derivatives (Shearer, lot*, cit. ; 
Hoppe, 761 : Connor, loc. cit. ; Client. Abstr., 1947, 
41 , 2463 ; Hill & Van Heyningen, Biochem. /., 1951. 
49 , 332 ; Bhargava et al., Brit. J. Pharmacol, 1965. 25 , 
743; West et al, 1966. 1321). 

Protoanemonin possesses strong antibacterial, 
antiviral, cytopathogenic, and vermicidal proj)crties ; 
anemonin is also effective but to a lesser degree. 
Similar to penicillic acid, protoanemonin is active 
against both Gram-positive and Gram-negative 
bacteria. It inhibits the growth of Escherichia coli, 
Staphylococcus aureus and Candida (Monilta) 
albicans. It inactivates in vitro diphtheria toxin (Baer 
et al., J. biol. Chem., 1946, 162 , 65; Chem. Abstr., 
1962, 56 , 15612 ; Hoppe, 760). 

The seeds are used as tonic and stomachic to 
destroy foul breath. They are also prescribed in 
kidney troubles. They contain about 18 per cent 
protein and 26 per cent fatty oil ; the pre.sence of an 
alkaloid is indicated (Roi, 359 : Kirt. & Basu, I, 14 ; 
Jones & Earle. Econ. Bot., 1966, 20 , > 35 )- 

R. cantoniensis DC. syn. R. pensylvanicus Hook. f. 
& Thoms, non Linn. f. is a hirsute herb, up to 90 cm. 
high, with 3-partite deeply segmented radical leaves 
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and yellow flowers, commonly met with as a weed 
from Pimjal) to Assam, ascending up to an altitude 
of 1,700 m. It is said to show antibacterial activity 
of low potency against Escherichia coli. It is used 
as a vesicant (Gaw & Wang, Science, 1549. 110 ^ 11 : 
Kirr. ^ Basil, f, 16). 

R. falcatus Idnn. is a smooth or slightly woolly 
lierl) with pinnaiitid radical leaves, and 

yellow flowers, distributed in the temperate Himalayas 
from Kashmir to Punjab. 'I'lie plant is used as a 
vesicant (Kirr. & Basil, I, 17). 

R, laelus Wall. e\ Royle syn. R. cassius aiict. non 
Boiss. is a much branched erect hairy perennial with 
a woody rootstock found in temperate Himalayas 
and common in the inner ranges of Sikkim, fts 
properties have not been investigated hut it is said to 
he clo.sely allied to and perhaps a variety of the 
Kuropean species, R, acris Linn., well known for its 
acrid and toxic properties (Chopra et al., f, 1 15). 

R. lingua Linn. (Creai- Spearvvoht) is a robust 
moisture loving or aquatic herb with a creeping root- 
stock and large yellow flowers found in the temperate 
Himalayas of Kashmir. The plant catises irritation 
to the tnucous membrane and inflatnmation of the 
intestinal tract in livestock hut toxicity is said to he 
lost on drying. The toxic agent is protoanemonin 
(o.2V'.- <^u fresh wt.). 'Hie leaves are applied as a 
ve.sicant in rheumatism of the joints (Connor, Bull. 
Dej}. sci. indust r. Res., N.Z., No. 99, 1951, 16 : Shearer, 

I ”< 7 . /., 193S, 94 , 22 ; Kirt, & Basil, I, i^). 

R. muricatus Linn., is an ered or dilfuse herb, 
c. 60 cm. in height, with long-stalked cordate radical, 
and cuneate caiilinc leaves, met with in moist situa- 
tions in Kashmir and Punjab and also in the Nilgiris 
and Kodaikanal hills in South India. It is said to 
possess acrid, narcotic, ruhefacient and vesicant 
properties. It is used in intermittent fevers, gout and 
asthma. The herb is said to he poisonous (Jacobs & 
Burlage, 182 : Kirt. & Basil, 1 , 17 : Wehh, Bull. Coun. 
sci. industr. Res., Aust., No. 232. 1948, 137). 

R. trichnf)h\llus Chaix syn. R. aqualilis Linn, var, 
trichophyllus Hook. f. Thoms. (Waier Crowfoot: 
Water Kennei.) (Kashmir — Hill, tnhluh) is an acjuatic 
perennial herb with highly dis.sected submerged 
leaves and white flowers, distributed from Kashmir 
to Sikkim. It is found in the plains and hills up 
to elevations of c. 4,500 m. The plant contains 
negligible amounts of toxic principle and is recom- 
mended as fodder. The herb is used in intermittent 
fevers, rheumatism and asthma (Kirt. & Basil, I, 14 : 
Jacobs & Burlage, 18 1). 


Rape — sec Brassica 

RAPHANUS Linn. (Cruciferae) 

A small genus of annual to perennial herbs distri- 
buted chiefly in the Mediterranean region. One 
species, R. sativus (Radish), is cultivated throughout 
the world for its roots which are u.sed as vegetable. 

R. caudatus Idnn. syn. R. sativus var. caudatus 
(I. inn.) Vilmorin : R. sativus var. niougri Helm; 
R. raphanistrum suhsp. caudatus (Linn.) 'riiell. 

Rat-tail Radlsii 

1 ).K.P., Vr(i), 39^ : C.P., 912 : Kl. Br. Ind., I, 166. 

Himsi Sunjrra, sinfrri, niun^ra*. 

An annual with purplish glaucous stem which is 
ai lirsi ereci and then prostrate, cultivated in northern 
and western Inilia. Ba.sal leaves long, lyrately pinnate 
or pinnati.sec't. coarsely toothed : caiiline leaves 
simple, linear: flowers purplish veined: pixls soft, 
.slender, up to 75 cm. in length with an irregularly 
beaded appearance when mature, with one chamber 
inside : seeds few, widely spaced. 

This species is said to he a native of java. Some 
authors are of the opinion that it is a cultigen of 
R. sativus which has been bred in tropical gardens: 
others are of the opinion that the rat-tail radish and 
the Indian group of radishes have both evolved from 
some special wild forms formerly spread on the coasts 
of India and the islands of south-eastern Asia, and 
which disappeared later |Schul/. in Das Pflan/enreich, 
Heft 70, 1959. 208 09: Sinskaia, Bull. appl. Bat. PI.- 
Breed., 1931. 26(2), 37 : Burkill. 11 , i866|. 

The ral-lail r.idish is very similar to the common 
radish but does nor produce the characteristic fleshy 
root. It is grown for its long slender pods which are 
eaten raw as salad or cooked as vegetable. The method 
of cultivation is in general similar to that followed in 
the case of the common radish (cf. R. sativus). Seeds 
are sown usually during Aiigust-September in lines 
keeping an interval of 25 cm. between plants and 
75 cm. between lines. The crop comes to flower a 
month later and the first pods can he picked 6 w'eeks 
after .sowing. "i’'he .samples of pods of the rat-tail 
radish, commonly met with in the local ba/aar, are 
usually not more than 20 -25 cm. long hut there are 
al.so forms under cultivation w'ith |)ods over 60-75 

The potls of the rat-tail radish contain: moisture, 
92.3: protein. 1.3: fat, 0.3: fibre, i.i : other carbo- 

* Till’ pod.s tiu* rat-tail radish and tln).st* of the ordinary 
radish arc variously called .vnnifrn or hut the use of these 

names is not .ilwavs consistent. 
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FIG. 117-RAPHANUS CAUDATUS-FUI.I. GROWN Pl.ANT IN FRUIT 


liyd rales, 4.3 : and minerals, 0.7”,. : ealeiiiin. 78 : 
and |)1io.s|)li()nis, 24 mg./ 100 g. They eoniain the 
pigment malvidin elilnride glueoside (Niitrilive 
Value ol’ rndian IwxkIs, 59, 95 : l.ele, /. sci. itidits/r. 
Res., 1959. 18 B, 243). 

R. sativus Linn. II/M)isii 

D.K.R, Vl(i), 393 : FI. Rr. fnd., I, 160. 

Sans. - Mulaka ; Hinoi, Rknc:., Mar. Ck' (iuj. Midi, 
mula, mura, muri ; Tfi... 1a.m.. Ka.n. Mai.. - 
Mnlldfifri, 

An annual or biennial bristly berb with a wbiie or 
brightly coloured tuberous rap root, cultivated 
tbroiighont India and up to 3,(X)o m. in the Himalayas 
and other hilly regions. Stems simple or branched, 
erect, 20-100 cm. ; basal leaves long, lyrately pinnate 
or pinnatisect, coarsely toothed : caiiline leaves simple, 
linear ; flowers in long terminal racemes, usually 
white or lilac with purple veins ,* fruits inflated, 
25-90 mm. long, with a long tapering beak, hardly 
or irregularly constricted and lilled inside with white 


pith between ibe sei*ds : si*eds 2- S, globose, y^’llow 
or brown. 

The cultivated radishes oi ilie Nations regions of 
the world are included by most auibors under one 
species, R. sn/ivus Linn. Some auibors reg.ird it 
as a sub-species under R. rdfiluniis/ruui Linn. 
snisu awpiinre, ;dong with a number of other 
wild forms of this genus. Some others divide R. 
sa/ivm into more than one s|)ecies on the ground 
that it includes well marked groups of ri'idishes 
differing greatly in morphologu al and ecological 
respects from one anoilier, the Furopean types and 
the Japanese types forming the two extremes, with 
the Indian types occu|)ying an intermediate position. 
I bus the wild radish found growing in the coastal 
regions of Japan and neighbouring regions, as w'ell 
as the turnip-shaped giant radish culdvated in the 
Sakurajima Island of Japan, which is presumed to 
have been ilerived from it. are together included 
under- R. niljlitinis/midrs (Makino) Sinsk., and the 
Indian types are grouped under R. indictis Sinsk., 
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leaving the European types only under R. sativus 
Linn, sensu stricto. R. coudatus Linn., the rat-tail 
radish, ,h considered to be closely related to the 
Indian group of radishes, but more tropical in dutti* 
bution [Mansfeld, 96; Sdiulz in Das Pflanzenreich, 
Heft 70^ 1959, 194; Sinskaia, Bull. appl. Bot. PI.- 
Breed., 1931, 26 (a), 37]. 

R. sativus is not itoown in the wi!d state. It was 
formerly supposed that all cultivated races of the 
radish were evolved from R. raphanistrum Linn., a 
widely distributed weed in Europe, but in view of 
the considerable ecological and morphological 
differences existing among the cultivated radishes of 
the different regions of the world, they are now 
supposed to have been derived from more than one 
source. The European types of radish are presumed 
to have sprung directly or through hybridization 
from some wild species like R. niaritimus Smith, 
R. Umdra Moretti and R. rostratus DC., all of which 
are found wild in the Mediterranean region. The 
Japanese types are thought to have been derived 
from R. sativus f. raphartistroides Makino syn. 
R. raphanistroides Sinsk., which occurs wild in the 
coastal regions of Japan. The Indian group of 
radishes including the rat-tail radish are also 
similarly believed to have evolved in the area of thdr 
present distribution, though their presumed ancestors 
have been lost (Bailey & Bailey, 614 : Bailey, 1947, 
III, 2896 ; Schulz in Das Pflanzenreich, Heft 70, 1959, 
194 ; Mansfeld, 96 ; Sinskaia, loc. cit.). 

R. sativus exhibits a wide range of forms with 
regard to size, shape and colour of the roots, time 
required to reach maturity after planting and the 
keeping and edibie qiudity of root. A large number 
of species and varietal crosses, as well as some inter- 
generic crosses with the closely allied genus Brassica, 
have been effected. All the species of Raphanus 
including R. sativus have 20=18 chromosomes. The 
commerdal types of radish are said to be largely self- 
incompatible. R. sativus is said to cross easily with 
R. raphanistrum. In the case of the intcrgeneric cross 
with Brassica oleracea (the Cabbage and the Brussels 
Sprout), the cross is successful with the radish as 
the female parent but when it is used as the 
male parent the cross is unsuccessful. The other 
species (ff Brassica with which the radish has been 
crossed are B. carinata (Abyssinian mustard), 
B. chinensis (Chinese cabbage) and B. rapa (Turnip), 
and the hybrids are characterized by varying degrees 
of sterility [Darlington & Wylie, 47 ; Poole, Yearb. 
Agric., US. Dep. Apic., 1937, 304, 317; Watts, 


/. hort. Set., ipfo, 35 f 22 : Hector, II, 613-16 : 
Subrahmanyam, Curr. Sci., 1954, 23 , 60; Richharia, 
iUd., 1936-37, 5 , 228 ; /. Indian bot. Soc., 1937, 16 , 
137 ; /. Genet., 1937, 34 , 19 ; Morris Sc Richharia, 
ibid., 1937, 34 , 275; Howard, ibid., 1938, 36 , 239; 
Mizushima, Tohoku J. agric. Res., 1950, l(i)]. 

A large number of types of radish, indigenous as 
well as introduced, are found under cultivation in the 
different areas of the country. The indigenous types 
usually cultivated are white with a conical shape, 
attaining 25-40 cm. in length, and are saud to be 
generally more pungent than the introduced 
European types. Amongst the latter, thtee are red, 
purple or scarlet types, but they are not so common 
as the white long-rooted types. A type culdvated in 
and around Jaunpur in Uttar Pradesh and known as 
Newari or Jaunpuri mooli reaches an enormous size 
with a length of up to 75-90 cm. and a girth of 
50-60 cm., and may weigh up to 5-15 kg. or even 
more. It is said that this giant radish can be success- 
fully grown only under irrigation with the kind of 
brackish water found in that area and when ailtivated 
elsewhere it does not attain this size. Baramasi is 
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FIG. IJS-RAPHANUS SAHVUS (JAUNPURI) 
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FIG. 139-RAPHANUS SATIVUS (JAPANESE WHITE) 

another indigenous type that can be grown through- 
out the year. Pusa Desi White is an improved 
indigenous type. Japanese White, 40 days, China 
Rose, Chinese Pink, and Miyashige are some of the 
introduced Asiatic types, while French Breakfast, 
Purple Top White, Scarlet Globe, White Icicle, 
Rapid Red Round, Wood's Long Frame and Pariser 
are some of the introduced European types [Mishra, 
Kanpur agric. Coll, ],, 1956, 15 , 67 ; Juneja & 
Upadhyaya, Himachal Hort,, 1962, 3 , 239; Singh, 
Indian Fmg, N.S., 1963-64, 13 (i), 21 ; Singh et ah, 
Indian /. Hort., i960, 17 , 38 ; Singh & Prasad, Indian 
Hort,, 1966, 10(4), 15]. 

Cultivationr—TYvt radish is cultivated in all parts 
of the country from the coastal plains to the 
Himalayan ranges up to altitudes of c. 3,000 m. or 
even more. In general, the radish is a cool season 
crop, though there are said to be some indigenous 
types that can be grown throughout the year. There 
are certain regions in the country, for example. South 


India, where radish is cultivated all round the year. 
The main season for sowing in the northern plains 
for indigenous types is from August to January and 
for European types from Septem^r to March. In the 
hills they are sown from March to July. The best 
sowing periods in South India are from April to 
June in the hills, and October to December in the 
plains (Purewal, Farm Bull., No. 36, 1957, 24 ; 
Handbook of Agriculture, 347 ; Milne et ah, 86). 

Though the radish thrives in all kinds of soils, a 
rich friable sandy loam is preferred, as heavy soils 
are likely to yield ill-shaped roots. Cool moist soils 
such as silt and silt loams give better results for the 
summer crop. The soil should be well manured with 
c. 40 tonnes of well-rotted farmyard manure per 
hectare. In addition, nitrate of soda or ammonium 
sulphate should be applied as top dressing to stimulate 
growth and ensure tender roots (Purewal, loc. cit. ; 
Thapar, 186 ; Thompson & Kelly, 341). 

Radish seeds count c. 70-100 per gram and c. 7- 
12 kg. of seed is required to plant a hectare depending 
upon the type of radish and distance of planting. 
Sowing in nursery beds and transplanting only 
healthy and strong seedlings, when they have put out 
2 or 3 leaves, is recommended to obtain a uniform 
crop. Sifting of seeds before planting so as to separate 
the larger seeds for sowing is also recommended. Seed 
is sown on ridges c. 50 cm. apart and 25 cm. high to 
supply about 40-60 plants per metre of the row. The 
se^s germinate in 3-4 days. Irrigation is given imme- 
diately after sowing and is repeated every 5-10 days 
depending on the season. As the plants grow they 
are thinned out to c. 10 cm. or more from each other. 
One or two wcedings arc given in the growing season, 
hut as the crop grows fast weeds do not cause much 
trouble (Bailey, 1947, III, 2896 ; Purewal, loc. cit.). 

Presowing treatment of seeds with 20 p.p.m. NAA 
is said to give an increased yield of edible roots. 
Treatment of seeds with 10 p.p.m. of gibberellic acid 
for 6 hours before sowing increas^ the length, 
weight and ultimate yield of roots. In one trial, 
radish is said to have had a deleterious effect on the 
succeeding crop of maize (Singh & Dohare, Punjab 
hort. J., 1964, 4 , 160 ; Srivastava, Allahabad Fmr, 
1965, 39 , 249 ; Annctt, Agric. /. India, 1917, 12 , 151). 

Diseases and Pests — ^Radish is subject to very few 
diseases and pests in this country. Root rot caused 
by Pythium aphanidermatum (Edson) Fitzpatrick is 
reported to attack seedlings. The cab^ge black ring 
spot virus belon^ng to turnip virus 1 group is 
reported from Uttar Pradesh. Aphis gossypiae Glover, 
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Myzns pcrsicac (Sulz.), and Rrcvivoryne brassicac 
Linn., arc reported to he the vectors (Mahmud, 
Allahabad Fmr, 1950, 24 , 80; Bhargava & Joshi, 
Vijmni Parishad Aiiusandlian Palrika, 1959, 2 , 211 ; 
Joshi & Bhargava, Proc\ nat, Acad, Sci, India, 1964, 
34B, 225), 

The mustard saw-fly, Athalia proxima King., which 
is a pest of the nurseries of cruciferous plants is .said 
to cau.se .severe damage sometimes. Hand-picking of 
larvae where the area involved is small, or spraying 
with lead arsenate or dusting with BllC are recom- 
mended. The mustard aphis, Siplioccrync indo- 
brassicac Das, .sometimes attacks radish and other 
cruciferous crops. Spraying with nicotine sulphate or 
dusting with Hexamar BHC or Gammexanc are 
recommended | Narayanan, Indian Fni^, N.S„ 1953- 
54, 3 ( 8 ), 9; Wesley, Allahabad Fmr, 1958, 32 ^ s\- 

Harvesting and Yield — ^The radish comes to 
harvest within 2P~5^ days of sowing and should he 
pulled out when the root reaches edihle size and is 
still lender and crisp, as otherwise with delay it soon 
hecomes tough, pithy, hollow and unpalatahle. Treat- 
ment of 6 week-old radi.sh plants with a o.io per cent 
atjueous spray of maleic hydrazidc is said to prevent 
holting, and the roots remain turgid and edihle for a 
longer period after harvesting, as compared to 
untreated plants : they are also sweeter and less 
pungent. Yields of c, 7,500 kg./ha. in the ctise of 
introduced European types and c. 15,000-20,000 
kg./ha. in the case of incligenous types are said to he 
obtained : in Jaunpiir (Uttar Pradesh) yields as much 
as c. 45.<xx) kg./ha. are ohrained in the winter crop 
(Milne ct al., 86 ; Purewal, lor. cit. : Mishra, loc. cit.). 

The radishes can he stored at room temperature for 
3-4 days during winter in North India without 
impairing their (juality. Under cold storage they can 
he kept for over 2 months at 0° al an R.H. of 90-95 
per cent (Purewal, loc. cit.). 

Seed production — While seeds of indigenous ty|K.*s 
of radish as well as .some introduced types can he 
successfully produced in the plains, the temperature 
re(|uiremenis for production of seed of most types, 
intrcxluced from temperate countries, are more 
specific and their seed can successfully he prcxluced 
only in .some hill areas where temperatures remain 
around 5° for a continuous stretch of 1J/2 to 2 month.s. 
Seeds of such introduced types are now being succe.s.s- 
fully produced in Katrain in the Kulii valley, 
Himachal Pradesh. Some of these types produce a 
good crop of seed if seed is planted in autumn and 
the plants allowed to overwinter, while in the case of 



FIG. 140-RAPHANUS .SAriVL’S-FRlJl'IS 

Others the crop for seed tan he .sown in spring and 
harvested in autumn. The crop i:an he left in situ in 
the field to flower and .set seed (*‘seed to seed*’ 
method) or it may he replanted after selection of 
roots (“root to seed** method) which gives an oppor- 
tunity to reject underdeveloped, ill-formed or oft- 
ty{)c roots. In the latter ca.se the root.s are sometimes 
pruned before being replanted, and trials are said to 
have shown that roots where one-fourth of the length 
is pruned yield more and heavier .seed than pruning 
entire roots or major portion of it. Both nitrogen 
and phosphorus are very important for the seeil crop, 
hut loo much nitrogen may delay seed maturity. The 
plants are cro.ss pollinated by in.sects — chiefly bees — 
and where different types of radish are to he grown 
for seed, it is desirable to allow a distance of about 
0.5 km. between each type, but this distance should 
he as much as 1.5 km. where mother seed is being 
produced. For hyhriil seed production, .self incom- 
patible inbred lines are grown interspaced with one 
another. The pods do not shatter ami the drier they 
are harvested the easier it is to thre.sh them, as 
threshing of radish pods, is often difficult. Some 
farmers are reported to use rubber-wheeled tractors 
for this purpose. The yield of seeds obtained in Kulu 
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valley ranges from 320 to 6(x> kg. /ha. depending 
upon the type and time of sowing. Seeds stored well 
in temperate regions remain good up to 4 years 
|Shesi & Padda, Pimjah hart. /., 1964, 4 , 137 ; Tomar 
& Date, Cwardening, i960, 2 ( 8 ), 14; Singh et al., 
Indian /. Hort., i960, 17 , 38 ; Singh & Prasad, Indiati 
Hort., 1966, 10(4), 15 ; Jauhari & Piirandare, Sci. & 
Cult,, 1959-60, 25 , 256 ; Agricultural and Horticul- 
tural Seeds, 417-20]. 

Utilization — ^Thc radish is eaten raw as salad or 
cooked as vegetable : it is much relished for its 
pungent flavour and is considered an appetizer. The 
leaves are also boiled and eaten. Sometimes due to 
climatic or other conditions the crop is likely to he 
poor and produces very small or inferior roots ; then 
it is allowed to flower and produce pods, which arc 
commonly known as mungra. These are also eaten 
raw or cooked as vegetable. The radish has also been 
tried successfully as a fodder crop in some countries 
like the U.K., and South Africa. In the latter country 
the giant radish of Japan has been grown for this 
purpose and yields of more than 60 tonnes/ ha. of 
roots and 12-25 tonnes/ ha. of leaves have been 
obtained. It is said to be relished by all animals and 
the characteristic pungent smell of the root is not 
imparted to the milk. In feeding value, radish is said 
to compare very favourably with any other root crop 
(Agrivullurc, Land., 1964, 71 , 568 ; Kolhe & Voss, 
Fmg in S. Afr., 1952, 27 , 235). 

Radish is credited with refreshing and depurative 
properties. Radish preparations arc useful in liver 
and gall bladder troubles. In homoeopathy they are 
used for neuralgic beadaclies, sleeplessness and 
chronic diarrhoea. Roots, leaves, flowers and pods 
are active against Gram-positive bacteria. The 
roots arc said to be useful in urinary complaints, 
piles and in gastrodynia. A salt extracted from 
roots dried and burnt to white ash, is said to be used 
in stomach troubles. The juice of fresh leaves is used 
as diuretic and laxative. The seeds arc said to be 
peptic, expectorant, diuretic and carminative (Nutri- 
tive and Therapeutic Value of Fruit and Vegetables, 
144 : Hoppe, 762 : Chem. Ahstr., 1962, 57 , 964 ; Kirt. 
& Basil, I, 178 ; Mishra, loc. cit. ; Steinmetz, TI, 377). 

Composition — Chemical composition of white and 
pink radishes is given in Tabic i. Radish is a good 
source of ascorbic acid (15-40 mg./ 100 g.) and 
supplies a variety of mineral salts. Trace elements in 
radish include aluminium, barium, litbiiim, manga- 
nese, silicon, titanium, fluorine and iodine (up to 
18 /ig./i(x> g.) Pink-skinned radish is generally richer 


in ascorbic acid than the white-skinned one. In the 
former, the vitamin is more concentrated in the skin 
in association with the pigment than in the flesh. 
Salad made from coloured upper skin together with 
young radish leaves could serve as an excellent 
source of ascorbic acid, 'riiere is an appreciable loss 
of ascorbic acid during storage, cooking, or drying 
of radish (Thorpe, X, 444; Chnn, Ahstr,, 1947, 41 , 
5649; Garber, QiiaVit, Plant. Mat. Peg., 1962 63, 9 , 
33 ; Iodine Content of Foods, 85 ; Qudrat-i-Khuda & 
Sharif, Pakist. J. sci. industr. Res., 1959, 2 , 279 ; Kibe 
& Mahapatra, Poona agric. Coll. Mag., 1965, 55 , 5 ; 
I^il Singh et al., Indian J. agric. Sci., 1951, 21 , 137). 

Radish contains glucose as the major sugar and 
smaller cpiantities of fructose and sucrose. Pectin 
(o*3%* as calcitim pectate) and pentosans arc also 
reported, while starch is absent. Organic acids detected 
include />-coiimaric, caffeic, feriilic, phenyl pyruvic, 
gentisiic, and /)-hydroxybenzoic acids ; the total acid 
content is less in white radish than in red radish. 
Non-protein nitrogen accounts for about 40 per cent 
of total nitrogen ; the free amino acids identified 
include most of the essential amino acids (Chem. 


TABI.K I-CHEMICAL COMPOSITION OF RADISH* 



R.idish 

roots 

(Whitc)^ 

Radish 

roots 

(Pinkj^* 

Radish 

tops 

Radi.sh 

fruits 

Edible matter, 

99.0 

98.0 


88.0 

Moisture, % 

94.4 

90.8 

90.3 

00.5 

Protein, 

0.7 

0.6 

2.7 

2.3 

Fat. 

0.1 

0.3 

0.6 

0.3 

Fibre, 

0.8 

0.6 

0.9 

1.4 

Other carbohydiates, 

3.4 

6.8 

3.4 

4.7 

Minerals, % 

0.6 

0.9 

2.1 

0.8 

Calcium, mg. 100 g. 

30.0 

.SO.tl 

310 

80 

I’hosnhorus. mir. ' 1 00 g. 

22.0 

(phytiii, 0) 

20.0 

(phytin. 

60 

1.^) 

100 

Iron, mg./ 100 g. 

0.4 

0.5 

16.1 

2.8 

Vitamin A, l.C. 100 g. 

3.0 

3.0 

18,660 

50 

T'hiamiiie, mg. 100 g. 

0.t)6 

0.06 

0.03 

0.07 

KilMiflavin, mg. 'HK) g. 

0.02 

0.02 

0.16 

0.05 

Nicotinic .aci«l, mg./ 100 

g. 0.3 

0.4 

0.3 

0.2 

Vitamin C, mg./ 100 g. 

13.0 

17.0 

103 

69 


•Nutritive Value of Indian K*)ods, 5^, 37. 73, 93, 93, 109, 123, 
127, 137. 

* AIm) contains: sodium, 33; potassium, 13S; choline, 63; and 
oxalic acid, 9 mi;./ 100 g. ; Also contains: magnesium, 9 ; siHliuni, 
63.5; imtassium, 10; copper, 0.2: sulphur, 31; chlorine, 11; 
and oxalic .acid, 20 mg. '1 00 g. 
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Abstr., 1966. dS, 10959 ; Xliorpc, X, ^43 ; Trehan & 
Ahmad, /. sci, indusir. Res., 1947, 6B, 16 ; 
Laxminarayan Rao el aL, ibid., 1956, 15 C, 39 ; 
Kulkarni & Sohonit*, Indian /. med. Res., ujs6, 44 , 

51 0- 

The characteristic pungent flavour of radish has 
been attributed to the presence of volatile lA'othio- 
cyanates (mustard oils). A volatile oil distilled from 
white radish was reported to contain butyl crotonyl 
tVothiocyanate sulphide, with a typical radish odour, 
as the chief constituent. Methyl mercaptan has been 
reported to l)e responsible for the disagreeable odour 
of radish oil. According to a recent investigation, 
/rrtM5-4-methyl-thiobutenyl isothiocyanate is the 
pungent principle of radish. The isothiocyanate occurs 
in the form of a glucoside, and is released when the 
glucoside is hydrolysed by the action of an enzyme 
also present in radish ((Juenther, VI, 62 : Gildemeister 
& lIolTmann. V, 176; Chem. Abslr., 1966. d 5 , 7041). 

Coloured radishes contain anthocyanin pigments 
which occur naturally acylated either with ferulic or 
with /)-coumaric acid. Red-skinned radish yields 
cyanidin-5-glucoside-3-sophoroside, whereas scarlet- 
skinned radish yields the corresponding pelargonidin 
diglycoside. The purple-skinned radish from Kangra 
(Himachal Pradesh) w'as fcniiid to contain a cyanidin 
diglycoside. Catechol is reported in a red type. 
Flavonols are present in radishes in minute c|uantities 
(Harborne, Photochemistry, 1963, 2 , 85 ; Sharma & 
Seshadri, /. sci. industr. Res., 1955, I 4 B, 211 ; Jacobs, 
II, 1297 ; Chem. Abstr., 1959, 53 , 9389). 

The enzymes present in radish are phosphatase, 
catalase, sucrasc, amylase, alcohol dehydrogenase and 
pyruvic carboxylase. Radish contains a thermostable 
antithiamine factor and S-methyl-i.-cysteine sulfoxide 
designated as methiin (m.p. 173-74°). Steroidal 

sapogenins are also reported (Jacobs, II, 1297 ; Chem. 
Abstr., 1CJ64. 61 , 6276, i50c;3 ; Anzaltlo et al, Philipp. 
/. Sci., 1958, 87 , 191). 

Leaves — ^Thc leafy tops of radish are sometimes 
eaten as vegetable or fed to animals. They arc highly 
nutritious, being a good .source of vitamins and 
minerals (Table i). They are particularly rich in 
calcium, iron, and ascorbic acid, and are also consi- 
dered to be one of the richest sources of vitamin A 
among the leafy vegetables. The leaves can constitute 
a good supplement to diets consisting mainly of rice. 
Oxalic acid content of the leaves is reported to be high 
(total oxalates, 0.68% ; soluble oxalates, 0.39%) and 
as such may affect the calcium availability to the 
system. It has, however, been observed that a vege- 


table though rich in both calcium and oxalates, 
could serve as a fairly good source of calcium if con- 
sumed with rice ; phytin in rice appears to help 
calcification. The leaves have a high strontium con- 
tent (82.9 mg./i(X) g. on dry basis). They also contain 
iodine (19.8 /ig./ioo g.) and ascorbigen |Belavady & 
Balasubrainanian, Indian J. agric. Sci., 1959, 29(2 & 3), 
151 ; Theophilus & Arulanantham, Itidian ]. tned. 
Res., 1949, 37 , 29 ; Sadana & Ahmad, J. sci. industr. 
Res., 1947, 6B« 47 : Anantha Sarny et al., Curr. Sci., 
i960. 29 , 133 ; lengar & Ran, Ann. Hiochem., 1952, 
12 , 41 ; Chauhan & Sarkar, Indian J. Chem., 1964, 2 , 
175; Iodine (Content of Foods, 85; Chem. Abstr., 
1959, 53, 13294]. 

The leaves of radish are a good source for the 
extraction of protein on a commercial scale. The leaf 
protein has a biological value of 76.6, and digesti- 
bility co-ellicient of 73.5 per cent. It can be used to 
supplement protein deficiency, 'rwenty-lw'o amino 
acids have been identified in the non-protein 
nitrogenous fraction (Terra, Commun. R. imp. Inst., 
Amst., No. 5^e, 1966. 70; Rep. Dep. Nutr. Covt. 
Bombay, 1957. 28 : Na/ir cV Shah. Pakist. J. sci. 
industr. Res,, 1966, 9 , 235; Chem. Abstr., 1957. 51 , 

The leaves yield an essential oil (0.002".,) con- 
taining 2-hexen-i-al (leaf aldehyde), 3-hexen-i-ol (leaf 
alcohol), and small (|uantities of //- and i.sobutyral- 
dchyde and t.vovaleraldehyde. Mavone com|)ounds 
are also present in the leaves ((hieiuher. VI, 62 ; 
Chem. Abstr., 1959, 53 , 

Seeds — Radish seeds contain glycosidicallv hound 
mustard oils of which allyl, methyl, and i.vopropyl 
isothiocyanates, and sulphoraphene have been identi- 
fied in different varieties : 4-inetIiyIsulfinyl-3-hufenyl 
cyanide, the corresponding nitrile of sulphorapliene 
and cleavage product of its glucoside, has also been 
isolated. Sulphoraphene exhibits antibacterial activity 
against Streptococcus, Pyococcus, Pneumococcus and 
Escherichia coli. It also has blastokolic property, i.e. 
it inhibits the germination of seeds. Another sulphur- 
containing oil, named raphanin, has been separated 
frotn the acpieous extract of the seeds. It is active 
against several Gram-positive and Gram-negative 
bacteria, and possesses blastokolic effect. It has been 
suggested that raphanin is identical to sulphora- 
phene. The seeds are also reported to contain a hroad- 
spccirum antibiotic, named machrolysin, specific 
against Mycobacterium tuberetdosis (Kjaer et al., 
Acta chem. scand., 1953, 7 , 1276 ; Schmid & Karrer, 
Ilelv. chim. acta, 1948, 31 , 1017, 1087 ; Ivanovics & 
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llorvcirli. Nature, Loud., 1947, - 97 * (diem. 

Ahslr., 1950, 44 , 5538, 8063 ; 1956, 50 , 11619). 

Radish seeds are a potential source ot* a non-drying 
fatty oil (av. yield, 30-50*;,,) suitable for soap making, 
illuminating and edible purposes. 'The hydrogenated 
oil is reported to he used in the manufacture of 
crayon in Japan. A sample of .seeds on extraction with 
|)etroleum ether yielded 46.5 per cent of oil with the 
following characteristics; sp. giv‘"\ 0.9173: n"”'’, 
1.4704 : acid val., 0.9 ; acel. val., 2.8 : sap. val.. 178.9 ; 
iod. val. (Ilaiuis), 103. i ; thiocyanogen val.. 79.0: 
R.M. val.. 0.6: llehtier val., 94.2',,; and unsapon. 
matter, 0.24",. ; fatty acid compfisitioii: palmitic, 
1.3: stearic, 1.4: arachidic. 3.0: hehenic, 3.4; eriicic, 
22.0 : oleic, 60.8 ; linoleic, 4.5 : and linoleiiic, 3.6%. In 
another stutly, radish seeds from Kannauj (Uttar 
Pradesh), on petroleum ether extraction, gave 32.5 per 
cent oil (iod. val., 93.1) with the following fatty acirl 
composition: palmitic. 3.9 ; stearic, 2.1 : hehenic. 2.3 ; 
hexadecenoic. 23.5: oleic, ii.i : linoleic, 12.3: tlico- 
senoic, 19.8 : and enu ic, 25.0"... 'I 1 ie imsaponifiahle 
matter contains triacontane. sterols, a ketone, traces 
of a llavonoid, and a weak base. The seeds have a 
high tocopherol content and possess strong antioxi- 
dant activity |Kckey, 446: Prakash rt al., J. Oil 
’l^rlinol. /I.s.v. India, 1955. 11 , 79 : O/inn. Ahstr., 1952. 
46 , 8294: Singh c\: Kumar, Proc. Indian Acad. Sci., 
194S, 27 A, 156: Oils e'* Oilseeds 1957-58, lO(ii), 
II : Sosa tV Duperson, (\R. Acad. Sci., Paris, 1952, 
235 , 82 : ('hem. Ahsir.. 1964, 61 , 7363 : 1958, 52 , 7739I. 

'riie seed cake or meal is rich in proteins and 
appears to he suitable for use as manure and after 
removal of /.vothiocyanates a.^a feedstull. A sample of 
solvent-extracted seed meal frojn the United States 
yielded 52.5 per ivnt protein (on dry basis), and had 
the following amino acid composition (mg./g.N): 
lysine. 300: methionine, 109: leucine, 3S7 : isoWw- 
cine, 220 : |)henylalanine. 22S : threonine, 235 : valine. 
293 : histidine. 171 ; and arginine, 439. 'The seed meal 
has a high methionine contetn ; /.soleucine is the 
limiting amino acid. The nutritive (piality of the 
protein indicates that the seed meal is a satisfactory 
food for growth and maintenance (Prakash el al., loc. 
lit. : Miller el al., J. a^ric. Fd Cliem., 1962. 10 , 426). 

RAPHIA Beauv. (Pa I mac) 

A genus of large palms with about 20 species, 
found in tropical Africa and America. Three species 
have been introduced into India and arc found culti- 
vated. Raphia palms arc valued for the fibre obtained 
from their leaves : they also yield a wine. 


R. farinifera Mytander syn. R. pedunculata Beauv.; 
R. niffia Mart. Ry\KKiA 

Blatter. 248, PI. XLVl. 

A short-stemmed, robust featlier palm, native of 
Malagasy, introdiued and grown in India. Stem up 
to 9 m. high and often about i m. in diameter ; leaves 
about 15 m. in length : s])adix very large, from 2.1 to 
3.3 m. long ; fruits 2.5-5.0 cm. long, more or less 
turbinate or globose-ovate, slightly de])ressed at the 
apex ; seed obovate, rotundate at a])ex. 

Rallia palm, in its native habitat, is often found 
growing in low-lying areas and lake levels, though it 
can grow up to atj alt if tide of 1,500 m. (Williams, 
430 : Willis, 557). 

The palm yields a very good commercial fibre 
(Raffia) obtained from sirijjs of the lower epidermis 
and petioles of the leaves. The fibre is obtained by 
retting. Good (piality fibre is pale in colour and about 
120 cm. long. It is used for binding, weaving mats, 
hoods, bags, ceremonial aprons, hats, curtains, etc. It 
is also used for making fancy articles as it takes dyes 
(Watt (S: Breyer-Brandwijk, S15 : Irvine. i(/)i, 783; 
Burkill, II, 1868 ; Williamson, 104 ; Thorpe. IV, 165). 

'rhe lower surface of the tender leaves is glaucous 
and covered with a whitish layer of wax (Rapiilv 
Wax). The yield of refined wax is about 0.75 per cent 
based on the weighi of the leaves. Raphia wax (ni.p. 
82-83" : iod. val., 7.7-10.7) is yellow to dark brown 
in colour, somewhat harder and more brittle than 
beeswax and resembles carnauba wax in its physical 
|)roperties. It probably consists chiefly of high mole- 
cular weight alcohols ancl hydrocarbons. 

The wax is used in boot and floor polishes and candles 
(Warth. 183-84 : Thorpe. XI, 1939). 

'rhe fruit piilj) yields 24 per cent of a brown fatty 
oil (m.p. 17-18' ; sap. val., 197) coniaining a high 
proportion of saturated acids (stearic and palmitic 
in the ratio of 3: i). 'Hie seeds yield i per cent of 
a thick brown oil. The oils can be used for edible 
purposes after refining or for making soaps and 
stearin (Mensier, 486-87). 

The .solid, very strong, midrib of the leaves is put 
to a variety of uses, for roof and tent poles and for 
making doors and furniture. The midrib of the leaflets 
is used to make the frame-work of fish weirs and of 
baskets (Dalziel, 512: Williamson, 104: Williams, 

In Malagasy, the shells of the fruits are made into 
receptacles for small articles and also into smilT- 
boxes, cigarette-holders and buttons (Burkill. II. 
1868). 
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R. hookeri Mann & Wciull. Wink Palm 

Russell, Kezv BulLy 1965, 181. 

A tall palm, native of West tropical Africa, intro- 
duced and grown in Indian gardens. Trunk up to 
10 in. in height and 30 cm. in thickness, clothed in 
the upper part with blackish fibres, derived from the 
breakdown of leaf bases ; stem single, occasionally 
with 1-4 suckers, but a dense clump is not formed ; 
leaves 12 m. long, leaf segments rigid, 1.5 m. long, 
4 cm. wide, waxy and glaucous below ; spadices 2.5 in. 
long, compressed cylindrical wiih crowded liranches ; 
fruits 6-12 cm. long and 4-5 cm. wide with a stout 
beak i. 0-1.5 

/?. hookeri is the main source of a wine known as 
Bourdon, though until recently R, vinijera was consi- 
dered to be the wine-yielding species. The fresh sap 
obtained by cutting and tapping the inflorescence is 
allowed to ferment for 2-3 days. Fresh wine tastes 
like ginger-lKer. A sample t)f wine preserved with 
thymol and examined two years afier vinification 
contained: dry exrr., 7.94: total N, 0.86; amide 
N. 0.13: sugars, nil: mineral substances, 1.65; 
total acidity (as sulphuric acid), 0.47 : acetic 
acid, 0.41 : esters (as ethyl acetate), 0.07 ; and ethyl 
alcohol, 3.2i"(,. An arrack is jirepared by distilling 
the wine (l)alziel, 511-12: Chcui, Ahsir., 1963, 59 , 
1052 : 1952, 46 , 6319 ; Hill, 491). 

Besides wine, the palm also yields a fibre, the 
PiAssAVA, which is useful for stiff brooms. In Nigeria, 
there is an important mat-making an<l basket-weav- 
ing industry based on this fibre. 'J'he fibre is used for 
cordage, which is very strong and stands up well to 
moisture and sun (Russell, Keze Hull., 1965, 18 1). 

R. vinifera Beaiiv. Bamboo Pai.m, PtiAKOAit's Pai.m 

Blatter, 252, PI. XLVIf. 

A large liandsome palm found ahimdantly in the 
tidal bays and creeks on tlie west coast of Africa, 
introduced and grown in Indian gardens. Stem short : 
leaves rising almost vertically from the stem forming 
a magnificent plume ; spadices very large, com- 
poundly branc hed and drooping : spikelets slightly 
arcuate, mucli compressed ; fruits cylindrical-ellip- 
soidal. 

A fibre known as Wksi Afkkian Piassava or 
Laoos Bass is obtained from the sheathing leaf bases 
of this palm. The leaf stalks from mature leaves are 
split longitudinally in thin strips from the sides, back, 
front and middle. The side strips yield the best fibre, 
while the middle ones have weak and straw-like 
fibres. The strips are bundled and retted in water for 


6 -12 weeks or more and beaten to remove |)ith and 
extraneous matter and then hackled. After hackling, 
the fibre is hand-picked, dried in the shade and 
bundled. Piassava is light to reddish brown depend- 
ing upon the water used for retting and is 60-150 cm. 
long (length and diam. of ultimate fibre, 0.35-1.7 mm. 
and 9.0-26.5/* respectively). The fibre is used for 
brooms, roller sweeping brushes and in brushes used 
to remove air hubhles from steel castings. Cords, 
fishing tackles and snares for game are also made 
from the fibre. A cheap upholstery material called 
Piassava tow resembling coir and used as a substitute 
for it, is got from the waste matter and pith extracted 
in cleaning the fibres. A wax is also extracted from 
the leaves (Kirby, 403 -04 ; Burkill, 11 , 1868 ; Dalziel, 

5 '>)- 

The petiole and midrib of the leaves are used like 
bamboo, for rooling poles, for canoes and as carrying 
poles. They are used to make small furniture 
(Dalziel. 511 : Russell, Kric Hull., 1965, i8t). 

'Hie single nut has a sculptured surface and be- 
tween it and the scaly husk is a yellow oily pulp eaten 
as food or used as a bitter flavour. It is also used 
medicinally as a stomachic and laxative, and as a 
liniment. By treating the nuts with boiling water a 
yellow fat called Raphia butter is obtained, which is 
of good taste when fresh. In parts of West Africa, it 
is used in lighting, as a lubricant, pomade and also 
in cooking. Phe kernels are roasted and eaten in 
(iabon. They are also used as vegetable ivory, to 
make buttons atid ornatnetits. 'The terminal bud of 
the palm is eatet) as a vegetable (Macmillan, 292 : 
Watt Breyer-Brandwijk. S15 ; Dal/iel. 512). 

RARE EARTHS 

'Phe rare earth metals are a group of 15 elements 
having ;itomic number froiii 57 to 71. i.e. lanthamiin 
through luicrium ; however, yttrium (atomic number, 
39) is generally included on account of its similar |)ro- 
perties. Tbe metnbers of tbe group, also known as 
lanthanons, are .so similar in chetnical properties that 
they have been generally consideri*d as occu|)ying tbe 
position of a single element in the periodic system. 
Except for promethium, the rare earth metals always 
occur together and in comhined form. Until recently, 
the rare earths were obtained mainly as a by-product 
of thorium and uranium extraction from monazite ; 
they are now also produced as primary products for 
industry from bastnasite. I'hc rare earth metals and 
their salts are used chiefly in ferrous and non- 
ferrous metallttrgy, gla.ss and ceramics, arc carbons, 
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and |)hos|)hors for television. With increasing avail- 
ability, lliey arc being intensively studied and great 
diversification in their utilization is being effected. 

The rare earth metals arc found as mixitires in a 
number of minerals which commonly occur in peg- 
inatitic segregations or as subordinate accessory 
minerals in granitic or other igneous rock.s. Monazite 
and bastnasite are the principal .source minerals of 
rare earth metals : bastnasite is not found in India. 

Monazite, a phosphatic mineral of lantlianon and 
thorium metals |(Ce, I^i, Y, Th) (PO,) ; sp. gr., 4.9- 
5.3 : H., 5.0-5.5I is found as placer deposit in the 
coastal sands, concentrated by natural flotation 
proce.ss from the eroded material of drained rocks. 
Massive deposits of inona/itc are also known. The 
mineral is red, brown, or yellow in colour. Among 
the other minerals of Indian occurrence are aeschy- 
nite, allanitc (or orthite), annerodite, euxenite, fergii- 
sonitc, gadolinite, pyrochlore, samarskite, .sipylite. 
tscheffkinite and xenotime. Bastnasite, a fliiocarbo- 
nate of lanthanons |(Ce, La, J)i) (('O.,) F ; .sp. gr., 
4.94 : H., 4.5] occurs in massive vein deposits. It 
contains little thorium hut larger amount of rare 
earth oxides as compared to monazite. l\able i 
gives the rare earth constituents of monazite and 
bastnasite. 


TAMI.K l-KARF RARTH CONSTITUHNTS OF MONAZITK AND 
BA.STNAS1TE (Cc)* 

Monazite 


K.-iiv earths 
(oxides) 

India 

Iha/il 

u.s.aT^ 

nastiiasite 

t».S.A. 

[.aiithaiiuni 

15.7 


17.0 

24.6 

(Trillin 

.10.6 


29.0 

47.1 

Prnscodyiniiiin 

2.0 


3.9 

4.4 

Neodymium 

10.5 

62.12 

ll.o 

12.6 

Samarium 



1.3 

0.7 

Kuropiiim | 

(gadolinium | 

. 0.7 


0.001 

0.5 


Terbium j 

Dysprosium 

Holmiiim 

F.rbiiim 1 

'I'hiiliiim 

Ytterbium 

I.titetiiim 

i 

1 

1 

1 

O.SO 

0.1 

0.5 

Yttrium 

0.4 


0.9 


'rborium 

S.l 

(>.06 

.3.5 

O.l 


' Johnstone & Johnstone, .S8.t ; Krciners in Hani()el, 39-t. 


The principal producers of monazite are India and 
Brazil, an<l that of bastnasite is the U.S.A. Monazite 
is also produced in Australia, Malaysia, Indone.sia, 
Malagasy, Ceylon, the Union of South Africa, and a 
few other countries. India contributes a maj«)r frac- 
tion of world outptir of monazite and supplies nearly 
one-third of the world’s requiremenr of rare earths 
jSpedding in Spedding & Daane, 3 : Kreiners in 
Hampel, 393: Sciences, 1967. 6(9), 15: Kyring, 416: 
Wadia, Ensl, Mei, Rev., iy5H"59, 11 , 125: Sharma. 
Trans. Indian cerani. Sac., 1944, 3 ^ 97 ; Cheni. Rni^Hfn; 
World, 1968, 3(2), 65 : Meriic in (iillson et al., 623 
25 : Johnstone & Johnstone. 582 : Kirk & Otlimcr, 

*• 526, 700]. 

Distribution — Monazite is the mo.sf important com- 
mercial mineral of rare earth metals in India. The 
largest monazite deposits occur in Kerala. Madras 
and Bihar. For distribution, sec Monazite (With 
India — Raw Materials, VI, 413). 

Several other minerals containing rare earth 
metals have been found in the pegmatite-veins of 
crystalline rocks in various parts of India, but they 
are commercially unimportant. Aeschyniie has been 
recorded at Frania taluk in Kerala. Allaniie occurs 
at several localities in Ilazaribagh district (Bihar), and 
in South Arcot (Madras) : it has also been reported 
from Bbilwara and Pali districts of Raja.srhan. 
Anneriulite and fergusonite occur in Ceylon, and 
because more or less similar geological conditions 
prevail in the adjacent parts of India, these minerals 
are likely to he found in South India. Kuxenite has 
been recorded at Frania taluk in Kerala ; and 
gadolinite at Ho.sainpura, Banas Kant ha in Gujarat. 
A mineral related to pyrochlore has been reported 
from Vayampati in Tiruchchirappalli. Madras. 

Samarskite has been reported from the mica 
mines near Griddalur and Parlapalli in Nellore dis- 
trict, Andhra Pradesh. Sporadic occurrences of this 
mineral have also been recorded at Borara and 
Mundoti in Jaipur district, Rajasthan. Sipylite has 
been reported from Sankara and Razulapad in 
Nellore. T.schettkinite has been found near Kanja- 
malai Hill in Salem district, Madras. Sporadic 
occurrence of xenotime has been reported from near 
Ajmer in Rajasthan : and a mineral related to 
xenotime ha.s been reported from Am Bum near 
Kanyaliika in Singhhhum district, Bihar (Chatterjee, 
422-25, 451 : Coggin Brown & Dey, ^37-38. 286). 

Mininfr and Treatment — Monazite is mined from 
the coastal deposits at Chavara in Kerala, and Mana- 
valakurichi in Madras. The heavy black sand is 
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scraped from the surface with spades, sun dried and 
sent to the hencficiation plants for conceniraiion 
and separation of mona/.ite from other constituent 
minerals. The concentrated fraction, enriched to 
a product containing 97-99 per cent monazite, is 
despatched to Indian Rare Earths fJd, Alwaye, for 
the recovery of rare earths, thorium and uranium. 
The rare earth metals are recovered mainly in the 
form of mixed chloride. 'J'he plant also produces 
mixed rare earth fluoride, mixed rare eartlt carho- 
natc, crude cerium hydroxide and cerium nitrate. 
Necessary steps towards the separation of individual 
rare earths are in progress. For details of extraction 
see Rare Earths Industry (With India— Industrial 
Products, pt VII). 

Pro(iertics and Uses Rare earth metals have a 
silvery-grev lustre, hut tarnish (piickly in air. They 
arc soft and malleahle, and their hardness increases 
with the atomic iiiimher. They have good heat and 
fair electrical conductivity. They are active reducing 
agents. The rare earth metals combine with most 
non-metals and form alloys with nearly all metals. 
They are used as mixtures, compounds and also as 
individual metals. Tlie most important mixture of 
rare earth metals containing about 50 per cent 
cerium is known as misch metal. l.anihanum- 
cnriched misch metal and ferro-cerium are also com- 
mercially important (Kirk & Oihiner, XI, 513-15 : 
Kremers in Hampel, .^01-07, 414). 

Rare earth metals and their salts lind major appli 
cation in three industries, viz. metallurgy, glass and 
ceramics, and carbon arc lighting. An increasing use 
for rare earth metals is in .special types of stainless 
steels and other ferrous and non-ferrous alloys. An 
alloy of misch metal with iron (iS ^o'V.) is extensively 
u.sed in the manufacture of lighter flints. In magne- 
sium alloys, misch metal incrca.ses their high tempe- 
rature strength so that such alloys arc particularly 
useful in jet engine castings and air frame structures. 
Rare earth metals find use also in the prepara- 
tion of cast iron welding rods, and as “getters" 
in electronic tubes (Kremers in Tlainpel, 410-14 ; 
Eyring. 423-40). 

Salts of rare eartli metals are used for decoloiiriz- 
ing glass and as ultraviolet and infrared light 
absorbers, c.g. in optical glass filters, spectacles and 
glass blowers* goggles. They arc extensively used in 
glass polishing particularly for mirrors and lenses. 
Some of the salts are used to a small extent as colour- 
ing ^agents in decorative glass. Rare earths also find 
use in porcelain enamels, glazes, ceramic coatings 


and high grade refractories (Kyring, 441-46; Kirk 
& Othmer, XI, 519-20). 

Rare earth fluorides and oxides are largely used in 
the cores of carbons for arc lighting in motion picture 
projectors and .search lights. Rare earth oxides, parti- 
cularly those of europium and yttrium, are being 
widely used in the manufacture of TV-phosphors. 
Otlier uses of rare earths arc in the field of electro- 
nics, nucleonics, as catalysis in petroleum cracking 
and in a host of other indii.stries [Kyring, ^46-70; 
Kirk Othmer. XI. 519 : Sciences, 1967, 6(9), 15I. 

Productinn and Trade A provisional e.stimate by 
the Atomic Knergy Department places the total 
re.serves of monazite in India at over 5 million 
tonnes, capable of yielding well over ^oo.fxx) tonnes 
of combined rare earths. Production of monazite in 
India, over the years 1962-66, varied from about 
2.000 to 2.500 tonnes per annum. Indian Rare EarUis 
Ltd, pre.sently treats about 3,600 tonnes of monazite 
per year, mainly for the ])ro(luction of thorium, rare 
earths being recovered as by-product. The production 
of monazite is controlled by the Department of 
Atomic Knergy (Meher Wadia, 166-67 : Chew. /Igr 
India, 1965, 16 ^ 427 ; Statist, Sumw. Miner, Ind„ 1961 
66, 324; Anna, Rejy. Defy, Atomic l\ner^\, India, 
1967-68, 70). 

Almost the entire production of rare earths in the 
country is exported, mainly to Europe, Jajian and 
the U.S.A. 'rhe value f>f exports of Indian rare earths 
(compounds and concentrates) has shown a constant 
rise from Rs. 1.6 million in i(;5i-52 to Rs. 14 million 
in 1967-68. 'fhe Indian rare earth products are 
very well established in the ititernational market 
I Johnstone A’ Johnstone. 5S6 : Chew. Eni^n<^ W'orld, 
1968. 3(2), 65 : Nncl. India, 1967. 6(4). 4|. 

Raspberry — see Riibus 
Ratel — sec Weasels 

RAUVOLFIA 1 .inn. {Afyocynaceac) 

A large genus of shrubs or undershrtihs or occa- 
.sionally trees distributed in tropical Asia, Africa and 
America. Five species are recorded in India, including 
one which is introduced and naturalized. Of the.se 
R, serpentina has become well known as a medicinal 
plant. 

Few drugs have attracted sitch a world-wide atten- 
tion as the roots of R, serpentina. For centuries, the 
drug Rauvolfia has been used in the Ayurvedic 
system of medicine in India. It is only during the last 
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(IcciHic lhat the importance of the drug and of its 
major alkaloid ivsc*rpinc, has been recognized in the 
allopathic system in the treatment of hypertension 
and as a sctlative or rran(|iiilli/ing agent. Major part 
of the commercial supply of the drug used in U.S.A. 
and European countries originates from India, 
Pakistan, Oylon, Btirma and 'fhailand, fndia being 
the major sup|)lier. India, which holds almost a world 
monopoly, has been tlireatened with the depletion of 
wild resources of the plant, with tlie increasing 
demand. A few years hack, the (iovernment of India, 
therefore, restricted the export of crude drug, in order 
to conserve the natural growth from indiscriminate 
ex|)loitation. I'liis step resulted in an immediate 
shortage of R. serpentina roots and reserpine in world 
markets. ^Several of the large pharmaceutical hcaiscs 
ahroatl began an active search for other known 
species, as possible sources of reserpine. At present a 
iiiimher of otlier species, particularly R, tetraplixlla 
ill America and R. vomit nr ia in Africa have been 
found stiitahle, and atiemjits are being made to c*xtract 
reserpine and otlier alkaloids from them (Woodsem 
et al., II. i^, 32 ; Renier, RnlL r/gr/c. Congo beige, 
1954. 45 , 1390: Feiiell, Colon. Rl. Anim. Prod., 
* 955 - 5 , i). 

R. serpentina Beiith. ex Kurz K.\t'voi.i-i.\ Roor, 
SKHl*KN riNK OK Sl.RIM-,N I INA Rool 

O.E.P., VI(i), 398 ; FI. Br. liid.. Ill, 632. 

i^Ass.—Sarpagandha, ehundrika : Ukdc A.srel : 
1 liM^i -Chandrahliaga, ebota-ehand ; Bknc;. — 

Chandra ; M.\r. — Harkaya, harki : Tki.. -Paataala- 
gani, paataala garnda : 'F.v.m. Chivan afnelpodi : 
K.\s. - Sarpagandhi, shivanahhiballi, sutranavi, pata- 
lagandhi : Mai., (diuvannavilpcfri, snvapaval- 

poriyan ; Okiya — Patalgarnr. sanochado. 

l)i i.nr Makahnaran ; Mi noaki — Simjenga, araha, 
hitring, snpnrolid, darnjikipota : Assam — Arachon- 
tita ; K\i\si --Todong-pait-parao : Mikih Joicansn. 

'Fhadk — Ranvolfia. 

An erect, evergreen perennating undershruh, 15- 
45 cm. (rarely 90 cm.) high : tap-root tuberous, soft, 
sometimes irregularly nodular : hark pale brown, 
corky with irregular longitudinal fissures : lc*avc‘s in 
W'horls of three, large, 7.5-17.5 cm. x.^.3-6.S cm., 
ellipiiolanceolate or ohovate, acute or aciiminale. 
dark green above, pale green below : llowers white 
or pinkish, in many-flowered cymes : fruit a drupe, 
slightly connate*. ol)Iic|uely ovoid, purplish black : 
pyrenes slightly rugose. 

li, serpentina is widely distrihufed in the siili- 


Himalayan tract from Punjab e-ast wards to Nepal, 
Sikkim and Bhutan, in Assam, in the lower hills of 
the Gangetic plains, eastern and western ghats, in 
.some parrs of Central fndia and in the Andamans. 
Beyond India, the plant is clisirihute*d in l*'.asi 
Pakistan, (a-ylon, Burma. Malaya. Thailand and 
Java. It is found usually in moist deciduous foivsts 
at altitudes ranging freun sea level to 1,200 m. ; it is 
seldom found in evergreen forests except at tlu*ir very 
edge's and is absent in ope*n country. 'Fhe plants are 
more fre(|uem under the shade of Shorea, Piciis, 
Terminalia, llolarrhena, Cassia, Dalbergia, Mangifera. 
and Adina spp. : sometimes they are found growing 
between clumps of Calamus. In the Deccan, they are 
found associated preele)niinantly with hamhoe) forests. 
|)articularly in freshly deforest e-el areas. It is neite- 
worthy that witerever plants (»f R. serpentina have 
been found, they are growing in close jiroximity to 
the beaten tract or to sites of habitation, whether 
ancient or recently abandoned. Such an a.ssociation 
of R. serpentina with sites of human habitation 
cannot he considered entirely aicidenial (Santapau, 
Indian J. Pharm., 195^). 18 , 117 : Chandra. /. Indian 
hot. Soc., i<;57. 36 , 519 : Varadarajan. Fa on. Hot., 
1963, 17 , 133). 

Although the range of distribution of R. serpentina 
is very wide, its occurrence is sporadic. 'I'bc* plants 
usually grow' .sc'ailered, very seldom clo.se to c*acb 
other. At prc.seni commercial supplies of R. serpen- 
tina roots are available mostly from the States of 
Uttar Pradesh, Biliar. Oris.sa, West Bengal, Assam, 
Andhra Pradesh. Madras, Kerala, Nlysore and 
Mahara.shtra (Baclliwar et ah, Indian P'or., 1955, 

258 : Santapau. loc. cir. : Srinivasan. Pakist. ]. scl. 
indnstr. Res., 1961. 4 , 188). 

Cli i.i iN .vno.N 

Despite their wide geographical distribution and 
edaphic' tolerance. Rauvolfia spcTies have not lent 
themselves to easy cultivation due to various Factors 
whicli inliuence their propagation. grt)wih and deve- 
lopment and also their alkaloid content. At jtresent 
all supplies of R. serpentina roots are furnished 
by wild plants. Since supplies from wild sources are 
limited, it may not he possible to maintain a sustained 
and steady supply at the present rate of exploitation. 
Further, indiscriminate collection of nuns has already 
denuded many loresr areas in Uttar Pradesh, West 
Bengal, Madras and Maharashtra of their natural 
growth, and their conservation lias become essential. 
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Consequently, steps have been taken to limit the 
supplies from natural sources and have them substan- 
tially augmented through cultivation (Woodson et at., 
14 ; Badhwar et al, Indian For., 1955, 81 ^ 258). 

Experimental cultivation of this plant has been 
taken up in Uttar Pradesh (Dehra Dun), Bihar, parts 
of Orissa, West Bengal (Kongo), Assam, Madras, 
Kerala, Mysore, Maharashtra and Saurashtra 
(Gujarat). At Dehra Dun, intensive cultivation is 
being done by the Himalayan Drug Company. 
Among the research institutions, experiments on pro- 
pagation of R. serpentina are in progress in the 
National Botanic Gardens, Lucknow, in Regional 
Research Laboratory, Jammu, and the Research 
Nursery at Indore, though on a small scale. A factory 
has been established in Orissa State to process the 
drug obtained from forests in Kalahandi region 
(Santapau, loc. cit. ; Ahliiwalia, Indian For., 1963, 89 ^ 
373 ; Chandra, /. sci. industr. Res., 1956, ISA, 125 ; 
Sobti et al, Indian For., 1959, 85 ^ 233 ; Srinivasan, 
loc. cit.). 

There is little difference in the morphological 
features of R. serpentina roots obtained from various 
zones. However, the alkaloid content and potencies of 
roots vary not only in samples from representative 
and geographically distinct areas but also from lots 
coming from the same geographical area. One ques- 
tion possibly of vital importance in successful culti- 
vation of Rauvolfia spp. concerns the correlation of 
profitable alkaloid production with age (and parti- 
cularly reproductive maturity) of the plants 
(Sulochana, /. Indian hot. Soc., 1959, 38 , 580 ; Raja- 
gopalan, /. sci. industr. Res., 1954, 13 B^ 77 ; Woodson 
et al, 14). 

Climate and Soil—R. serpentina can grow under a 
wide range of climatic conditions. It flourishes in a 
hot humid condition and can he grown both in the 
open and in partial shade ; it cannot stand the full 
open sun. In its native habitat, the plant thrives 
under the shade of forest trees or at the very edge of 
the forests where three of the four sides are protected 
against too intense an illumination. It prefers a 
tropical or sub-tropical belt having the benefit of 
monsoon rains, preferably the south-west. localities 
in the Deccan Peninsula, which enjoy a more equit- 
able climate throughout the year as compared to the 
sub-Himalayan tracts are said to be more suited to a 
profitable cultivation than the northern sub-Hima- 
layan region (Dutta et al, Econ. Bot., 1963, 17 , 243 ; 
Badhwar et al, Indian For., 1955, 81 , 258 ; Santapau, 
loc. cit. ; Varadarajan, Econ. Bot., 1963, 17 , 133), 


A climate with a range of temperature from 10 to 
38^ seems to be well suited for this plant. Best areas 
for its growth arc those which combine high rainfall 
with proper drainage of the soil, such as slight slopes, 
etc. Although it has been reported to grow naturally 
where rainfall measures about 250 cm. annually, it 
grows well in areas with a rainfall of even 500 cm. 
or more. The plant is found to thrive well in areas 
with a wide disparity in rainfall such as Jamnagar, 
Jammu, Dehra Dun, western ghats and Kongo hills. 
Where rainfall is low, the plant can be successfully 
cultivated, if irrigation is made available during the 
drier months. Though the plant seems to be sensitive 
to water-logging, it can withstand water for 2-3 days 
without much damage. The plant 'Sheds its leaves 
during cold months in localities with a severe winter, 
as in Dehra Dun. Frost kills the top tender green 
twigs only, and fresh shoots sprout up with the ad- 
vent of spring from the thicker shoots which can 
withstand the frost (Varadarajan, loc. cit. ; Santapau, 
loc. cit. ; Dutta et al, Econ. Bot., 1963, 17 , 243 ; 
Badhwar et al, Indian For., 1955, 81 , 258). 

The plant grows in a wide variety of soils from 
sandy alluvial loam to red lateritic loam or stiff dark 
loam. In its natural habitat, it prefers clay or clayey 
loam with a large percentage of humus and other 
organic debris which ensure uniform moisture levels 
and a good drainage. The soil should be acidic with 
a pH about 4.0. Under cultivation, nitrogen may be 
supplied through fertilizers, farmyard manure or 
compost. Generally, the plant produces thicker roots 
in black, stiff loamy soils or red lateritic loam than 
in heavy clayey or sandy soil. Soils containing large 
quantities of sand retard growth of the plants and 
make them more susceptible to root and leaf diseases 
(Raghavan Nair, Indian For., 1955, 81 , 168 ; Varada- 
rajan, loc. cit. ; Santapau, loc. cit. ; Badhwar et al, 
Indian For., 1955. 81 , 258 ; Kaul, Indian J. Pharnt.. 
1956, 18 , 127). 

PROPAGAllON 

R. serpentina can be propagated by seeds, root 
cuttings, root stumps and stem cuttings. 

Seed Propagation — ^Direct sowing of seeds in the 
field has not been found successful and hence seed- 
lings are raised in the nursery and transplanted in 
the field. The germination percentage of seeds is very 
poor and variable (25-50%) and is often as low as 
10 per cent. This is attributed partly to the adverse 
influence of the stony cndocarp. A more serious 
factor is that in many species of the genus in both 
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the hemispheres, fruits of perfectly normal external 
appearance contain no embryos, an effect possibly of 
parthenocarpy or of deferred somatoplastic sterility 
(Badhwar et al, Indian For,, 1963, 89^ 729 ; 1955, 81, 
258 ; Abrol et aL, Indian /. Pharm,, 1956, 18, 169 ; 
Dutta et aL, Econ, BoL, 1963, 17, 243 ; Woodson et 
aL, 18). 

Recently, it has been found that fresh seeds col- 
lected from ripe fruits, immediately l)efore sowing 
showed a germination rate of 58-74 per cent. A delay 
of 24-36 hours between collection and sowing of seeds 
reduced their rate of germination. Sun-dried and 
stored seeds generally gave a low rate of germination 
and seeds stored for more than 7-8 months practically 
did not germinate. The ripe seeds, collected from the 
beginning of June to the end of October or even 
November and stored in air-tight tins, retained their 
viability for al)out six months (Choudhury, Sci. Sr 
Ctdt,, 1963, 29, 156 ; Badhwar et aL, Indian For., 
> 963 . ®9, 729 ; Raghavan Nair, ibid., 1955, 81, 168). 

The nursery is preferably located in partially 
shaded area with irrigation facilities. The land is 
cleared of weeds and ploughed to a depth of 30 cm. 
It is supplied with well rotted farmyard manure and 
leaf mould each at the rate of 1.0 kg./sq* ni. and the 
beds prepared to a fine tilth. Seeds are sown about 
the middle of May. They are soaked overnight and 
are clrilled about 0,6 cm. deep in lines 7.5 cm. apart. 
As the roots of the seedlings penetrate deep into soil, 
close sowing should he avoided. About 5.5 kg. of seed 
sown in 0.05 hectare wall yield seedlings sufficient to 
|)lant one hectare. The germination is gradual and 
the growth of seedlings slow. Sowings (lone at the 
break of monsoon ami the seedlings transplanted in 
August suffer heavy mortality during winter in 
localities such as Dehra Dun, hut may In: successful 
in regions wdth a mild w'inter as in South India 
(Badhwar et aL, Indian For., 1955, 81, 258 ; Dutta 
ct aL, Econ. Bot., 1963, 17, 243). 

The area to lx: planted is ploughed deejdy and a 
dosage of farmyard manure or compost at the rate 
of 30-37 cartloads per hectare is applied. Beds of 
suitable size with irrigation channels are laid and 
transplanting done during the rainy season. Tlic 
seedlings, alnnit 7.5-12.0 cm. high, are carefully dug 
up with their tap-root from the nursery beds and 
immediately transplanted in rows 60 cm. X30 cm. 
apart, in holes 15-20 cm. deep. A mixed manure 
composed of about 40 kg. of farmyard manure, 20 kg. 
of bone meal, 2.5 kg. of ammonium sulphate and 
40 kg. of leaf mould is applied to the transplanted 


seedlings, one handful to each hole. After transplant- 
ing, irrigation is given at regular intervals until the 
seedlings get established. Sometimes the rows arc 
earthed up to facilitate drainage, when rainfall is 
high. About two weedings are done, once during the 
monsoon and another at the end of the growing 
season, about December, in order to maintain satis- 
factory development of roots. Manuring at the time 
of hoeing is desirable to get a high yield of roots 
(Badhwar et aL, Indian For., 1955, J Dutta 

et aL, Econ. Bot,, 1963. 17, 293). 

Vegetative Propagation — As collection of seeds 
from wild sources is both laborious and costly, vegeta- 
tive propagation by root- or shoot-cuttings has been 
advocated for raising plantations. Propagation by 
means of seeds might prove ultimately even unwise, 
since variation in alkaloidal yield is apparently gene- 
tically controlled and might get reduced in successive 
progenies through adverse gene recombinations. 
Possible hybridization also appears difficult because 
of the usually small flowers and elaborate stigmatic 
structures ; the difficulty becomes intensified by the 
self-fertility of at least some species such as JR. serpen- 
tina and possibly R. tvtraphylla (Badhwar rt aL. 
Irtdian For,, 1963, 89, 729 ; Woodson et aL, 18). 

For propagation by root cuttings, large tap-roots 
with a few filiform lateral secondary rootlets are used. 
Cuttings, 2.5-5.0 cm. long are planted horizontally 
about 5 cm. below the surface or in holes. Tliey are 
irrigated and nearly 50 per cent of the root cuttings, 
planted at the beginning of the monsoon sprout in 
aixut a month. Trials at l)ehra Dun and other places 
have shown that under irrigated conditions root 
cuttings of about 0.25 cm. diameter planted during 
March-june gave 52-79 per cent success. In another 
study, cuttings of 1.25 cm. diameter rooted within 
10-15 days, producing healthy roots and shoots. 
Thicker roots, split into pieces of 1.25 cm. diameter, 
have also Ixen found to produce shoots normally. 
About i(X) kg. of root cuttings arc required to plant 
a hectare. The high percentage of successful plants 
obtained by root cuttings makes it preferable to propa- 
gation by seeds. However, the alkaloidal content of 
roots from them has been found to be not so high 
as in plants raised from seeds (Santapau, loc. cit. ; 
Badhwar et aL, Indian J. Pharm., 1956, 18, 170; 
Indian For., 1955, 81, 258 ; Dutta et aL, Econ. Bot., 
1963, 17, 243 ; Chandra, /. sci. industr. Res., 1954, 
13A, 187). 

Propagation by root stumps was attempted using 
about 5 cm. of root with a portion of stem above the 
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collar, 'rhis met hod met with about 90 95 per cent 
success or sometimes even 100 per cent. Sucli plants 
transplanted in May-Jidy in irrigated lields, become 
well established by the end of Septeml)er. This 
merliod. however, has its limitation in that only one 
plant can be raised from a single stump (Badbwar 
(7 (tl., hiilidu J, PlmniL, 1956, 18, 170; Dutia et aL, 
Kean. Bat.. 1963, 17, 243 : Santapau, Indian J. Pharm., 
1956, 18, 117). 

Stem cuttings taken fnim woody twigs have also 
been tried for propagation. Hardwood cuttings have 
Iseen found belter than softwood cuttings ; cuttings, 
15.0 23.0 cm. long, having three inlernodes are most 
suitable. Highest percentage (6 i>-uk)‘'o) of rooting 
was obtained by treating hardwood cuttings with 
/^-indolyl acetic acid solution (30 p.p.in.) for 12 hours : 
treated cuttings rooted within 15 days. Stem cuttings 
planted in the nursery during early monsoon (Juno), 
and kept moist until they sprout, have given 40-65 
|)cr cent success. Such cuttings, though tliey start 
.sprouting 3-4 days after |)lanting. actually .strike root 
mostly after about 75 day.s. Premonsoon planting has 
not been siicce.ssful, in spite of copious irrigation and 
protection against sun. Stem cuttings have been found 
less satisfactory tlian root cuttings, since many of 
them do not root easily (Badltwar <7 al.. Indian ]. 
Phann.. 1956, 18, 170; Indian Par.. 1955, 81, 25S ; 
Dulta i t ai. Fxan. Bat.. 1963, 17, 243 ; Santapau, loc. 
cii. ; (Chandra. Indian J. PItann.. 1956. 18, 132 : Sci. 
& Cull., i<;54-55. 20, 554). 


Di.sKA.sr.s AM) Pr..si.s 

R. scrlH'ntina is sii.sci'prihle to various disea.ses. Leaf 
spot, caused by Crrcaspara ranvalfiar (!hu|)p & Muller 
manifests as spots ot dark brown colour on the upper 
surface of the leaf and as yellowish lirown on the 
l«)wer surface. Olivaceous elfu.se friKtification is pro- 
duced on the lower leaf surface. 'I'he alTected leaves 
turn yellow, l)ecome dry and sid)se(|uently fall off, 
result itig in defoliation (Mohanty A<ldy, Cnrr. Sei.. 
1957. 26, 2S9). 

Alir maria sp. attacks the leaves of R. serpentina. 
showing minute brownish, dark-coloured circular 
spots with yellowish margin on the ventral .side of the 
leaves ; these enlarge to prominent dark brown 
circular lesions. Disea.sed leaves finally turn brown 
and fall off. 'Phe fungus also affects the flowers and 
fruits (("handra, Svi. & Cult.. 1955 56, 21, 208 ; Indian 
J. Pharni.. 1956, 18, 1^7). 

Mo.saic is a common disease on R. serpentina. 'Phe 
|)rimary symptom comprises vein bending and 


gradual yellowing of leaves. Later, the leaf curls from 
the margin to the midrib on the ahaxial surface and 
ultimately tlie leaf drops off (l)utta <7 al.. lu an. Bat., 
1963 , 17, 243 ). 

Root knot appears as galls of various si/cs, up to 
8 mm. in diameter, covering tlie root system. Stunted 
growth of plants, etiolation and decrease in leaf size 
are the syin|)toms in the aerial portion. The galls on 
examination show mites, various soil fungi and 
nematodes {I leteradara .sp.). (Generally, brown clay 
.soils supporting the natural growth of R. serpefititia. 
are found to he infested with nematodes, while dark 
clay .soils are free from them (Chandra, Indian J. 
Pharni.. 1956. 18, 146 : Hulta ct al.. Ecan. Bat.. 1963, 
17, 243 ; Varadarajan, ibid., 1963. 17, 133). 

Other di.sen.ses recorded on R. serpentina are: leaf 
blotch caused by Cereaspara .sp. : leaf s|)ot caused by 
Pellienlaria filanientasa (Pat.) Rogers and Epieaeenin 
nif^rnni Link: leaf blight and hud rot caused by 
Alternaria tennis Nees : wilt caused by Pnsaritnn 
axysptnnni f. ranvalfiae Janar., (iangidy & Hu.sain ; 
powdery mildew caused by Leveillnia tanriea (Lev.) 
Aril. : and target spot ('au.sed by Carynespara eassiietda 
(Herk. & Curt.) Wei. Myeaspliaerella ranicalfiae 
Ramakrishnan cV Ramakrishnan is reported to occur 
on leaves of R. serpentina (Cliandra. Sei. Cull.. 
1957-5S, 23, 99 : Varadarajan. Cnrr. Sei.. i(/)4. 33, 
503 : Srivasiava. I'rae. nal. Aead. Sei. India. 196.1. 
34B, iSS ; (ianguly eV Pandotra. Indian Phytapalli.. 
1962. 15, 50: janardhanan el al.. Can. Sei.. n/iq, 33, 
313 ; Mohanty, Sei. e*' ('idt.. 1957 5S, 23, 60.S : Butler. 
Bishy Vasudeva, 63). 

Very few pests have been reconled c)n R. serpen 
tina. A pyralid caterpillar {(Uyphades vertuninaUs 
(luen.) causes a|)preciahle damage to the leaves. Phe 
caterpillars roll the leaves and remain iivside the rolls 
feeding on the green matter. Some other caterpillars 
(I)aplinis nerii Linn, and Deilep/iila nerii Linn.) are 
also reported to feed on the tender leaves causing 
deloliation of the plant. C.ockchafer grubs (Ant}niala 
palita BlaiK'h.) attack the seedlings about 2 cm. helou 
the hypocotyl. resulting in their drying up. Kats 
sometimes cause damage by nihhiitig through the 
tender twigs. Control by cyanogas or by flooding has 
been suggested. R. serpentina is not eaten by cattle or 
any other grazing animals (Sivagami & Narayana- 
swamy. Madras ajrrie. J.. 1962, 49, 415 : Patel & Patel. 
Indian J. Enl.. 1967, 29, 97 ; Chandra & Gnlati. Sei. 
& Cult.. 1966, 32, 329 : Indian Par.. 1965, 91, 579 : 
Badbwar et al.. ibid., 1955, 81, 258 : Dntta et al.. Ecan. 
Bo/., 1963, 17, 243). 
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Harvkstin(; and Yikld 

Harvesting — Roots of exploitable si/e are generally 
collcxted 2 3 years after planting. It is reported that 
the roots dug out in winter (December) in Dehra Dun, 
when the plants havx* shed their leaves, are far richer 
in tlie total alkaloid content than the roots harvested 
in August. Roots are dug up, freed from the adhering 
.soil and thoroughly air-dried and packed usually in 
gunny hags. On air-drying, rlie moisture content of 
roots drops to 12-20 per cent, hut roots containing 
le.ss than 8 per cent of moisture store belter : this can 
he brought about by artiHcial drying. The root hark 
constitutes 40-56 per cent of the whole roots and 
contains more alkaloid than the woody portion. 
Hence care slioiild he taken to keep the hark intact 
while harvesting. Packing in air-tight containers is 
advi.sahle as roots with high moisture content .soon 
become mouldy and give low yield of total alkaloids 
(Badhwar ct al., Indian For., *955i 81 , 258 ; Indian /. 
Fhartn., 1956, 18 , 170; (hipta, ibid., 1956, 18 , 179; 
Rajago!)alan, /. sci, induslr. Res., 1954. 13 B, 77 : Dutta 



FIG. 141-RAUVOLFIA SERPENTINA-FRESH ROOTS (xO.5) 


ei aL, Econ. Rot., 1963. 17 , 243 ; Santapau, Indian ], 
I'harnu, 1956, 18 , 117). 

Yield of roots — ^Thotigh R. serpentina can he propa- 
gated by various methods, optimum yield of roots 
(including thick, thin and fibrous) is obtained when 
propagation is done by .seeds. The yield of fresh rofUs 
per plant varies widely from 0.1 kg. to 4.0 kg. With 
a spacing t>f fw cm. x 30 cm. and a survival percentage 
of 80, the total yield of roots in the case of plants 
raised from seeds works out to about 1,175 
tiry basis) per hectare as compared with 175 kg. in the 
case of plants rai.sed from stem cuttings and 345 kg. 
in the ca.se of plants raised from root cuttings. A yield 
of 2,2cx) kg. of air-dried roots per hectare lias been 
obtained from a 2-year old plantation and 3.300 kg. 
from a 3-year old plantation under irrigated agricul- 
tural conditions on .sandy clay loam soil. Manurial 
ex|)eriments showed that judicious use of farmyard 
manure and ammonium sulphate as top dressing helps 
in obtaining a larger yield of roots (Badhwar et al., 
Indian For., 1963, 89 , 729: 1955, 81 , 258 : Raghavan 
Nair, ibid., 1955, 81 , 16S : Badhwar et aL, Indian J. 
Fhartn., 1956, 18 , 170). 

The roots are commonly adidteraled with other 
parts of the plant such as the stems, and root stumps 
with some portions of stem attachetl to them ; roots 
having an excess of moisture content are also u.sed. 
Roots of other Rauvolfia sjiecies such as R. heddotnei, 
R. densiflora, R. mierantha, R. perakensis and 
R. tetraph\lla and tho.se of Ophiorrhiza inungos, and 
while- and red-flowered Clerodendnnn spp. have also 
been found as adulterants. Among commercial 
supplies, roots of types from coastal plains and 
Malabar are reported to be moderately or gro.ssly 
adulterated. Steins of the plant contain less (piantity 
of alkaloids, and hence adulteration of roots with 
.stems lowers the total alkaloidal content of samples. 
The roots can be easily distinguished from the stems 
since they have a more wrinkled surface, are less 
flexible, thicker, more tortuous and less branched 
(Dutta et al., Eeon. Rot., 1963, 17 , 243 : Indian /. 
Pharm., 1956, 18 , 18 1 ; Mukerji, ibid., 1956, 18 , 433: 
Holt & Costello. /. Amer. pharm. /l.s'5.. sci. Kdn, 1954, 
43 , 144: Youngken, ibid., 1954, 43 , 70, 141 ; Raja- 
gopalan. /. sei. indnstr. Res., 1954, 13 B, 77). 

Seed Colleciton 

Plants flower .six months after planting or even 
earlier, if the temperature is high. The flowering habit 
of the plant varies with climatic conditions. In the 
foot-hills of North-West Himalayas, e.g. in Dehra 
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Dim and Jammu, where minimum winter tempera- 
ture falls to about 5^, plants undergo a pericnl of 
dormancy from December to early March, when the 
leaves, flowers and fruits are shed. With the advent 
of spring, new leaves appear in March, followed by 
flowers and fruits. Profuse flowering occurs from 
July to September ; hut in other places in India, the 
plant flowers nearly all the year round (Biswas, 
Indian /. Pharm,, 1956, 18, 227 ; Dutta et aL, Eton, 
hot., 1963, 17, 243). 

Collection of mature seeds is usually done from 
September to February. Fruits mature from July to 
November. Only a few fruits ripen at a time, and if 
they are not collected immediately they arc shed and 
lost. Therefore, collection of ripe fruits, twice a week, 
is necessary. While this is easy in the case of planta- 
tions, collection from plants growing wild is both 
laborious and costly owing to their scattered distribu- 
tion over wide areas. The fruits after collection are 
freed from their pulpy covering by rubbing them 
against old gunny hags or on rough flooring. The 
cleaneil seeds are thoroughly dried in the sun and 
storeil in a dry place or in air-tight containers. A yield 
of 98-122 kg. of clean seed can be collected from a 
hectare of a 3-ycar old plantation (Dutta et al., Econ. 
Rot., 1963, 17, 243 : Badhwar et al., Indian For., 
1955, 81, 258). 

For seed collection a ciilrivated crop of 2- or 3-year 
standing could he used before digging out the roots. 
Adequate supply of seeds can also be obtained by 
raising the plants vegetatively in compact areas 
preferably by using stem cuttings (Badhwar et al., 
Indian J. PItarm., 19^6, 18, 170; Indian For., 1999, 
81,258). 

PRonrernoN and 'FRAnK 

Production — Reliable data on the exact quantity of 
rauvolfia roots, available for commercial purposes 
from different States in India or the quantity of roots 
annually consumed are not available. Information on 
some of these aspects is, however, available in respect 
of a few areas and they are only approximate esti- 
mates. The areas and the annual output known are: 
Vishakhapatnain in Andhra Pradesh, 2.2 tonnes : 
Assam, 40-50 tonnes : Buxa and Cooch-Behftr in 
West Bengal, 8 tonnes ; Fast Bastar and Bindrawagarh 
in Madhya IVadesh, 0.5 tonne. In North Bastar 
(Madhya Pradesh). 24 .(xk> plants are estimated to be 
available. In Bihar, Sikkim, Tripura, Himachal 
Pradesh, Punjab, Madhya Pradesh, Mysore and the 
Andaman Islands, plants are too scarce and as such. 


commercial exploitation from these areas may not be 
promising (Srinivasan, Pakist. J. sei. industr. Res,, 
1961, 4, 188). 

Recently, attempts at systematic collection of roots 
have been taken up in some areas. In Andhra 
Pradesh, the forest department collects the roots, dries 
them and sells them in open auction. In Maharashtra 
and Mysore, restrictions on collection have been 
imposed and the roots cannot be collected from the 
forest areas without permission. In Orissa, even 
though commercial supplies arc available, they are 
not fully exploited and the privilege of collection is 
given to selected lessees. However, a condition is 
made in the agreement that the lessee should restock 
the area worked, by planting a small stump of 
root with a portion of the stem above the collar. In 
Buxa and Cooch-Behar Forest Divi.sions (West 
Bengal), additional supplies can he expected but 
these arc not collected at present due to lack of 
prospective buyers (Srinivasan, loc. cit.). 

Trade — Rauvolfla roots are usually marketed under 
the names of their geographical .sources and are 
designated as As.sam, Bengal, Bihar, Dehra Dun, 
Himalayan, Coastal Plain, Malabar and Ceylon types. 
There is a steady demand for the roots and most of 
the prixluce is exported, because only a small fraction 
is used by tbe Indian pharmaceutical linns. The 
important centres of marketing are Delhi, Amritsar, 
Saharanpur, Calcutta and Bomi)ay. 

Major part of export from India is to Kurope, 
U.S.A. and Japan (Table i). The .supplies in recent 
years have fallen short of demand, due to the restric- 


TABI.E l-EXPORTS OF RAUVOI.FIA SFRPHNTINA ROOTS 
FROM INDIA 



(Qiy 

ill k);. ; Val. 

ill Rs.) 




196.^-64 

1964 65 

1965 66 

1966-67* 

1967 68 

IT.S.A. 

97.156 

9,975 

14.740 

8,928 


(ATinany 

II.K42 

.S9,254 

1 1 ,565 

2,110 

1,.V>2 

}apaii 

14,885 

4,000 

11,500 

4.<>00 

10,450 

IWIgi 11111 

500 

12,666 

6,952 



IJ.K. 

11,188 

9,950 

5,175 

4.200 

5,800 

Fraiicf 


45,905 

5,845 

6,552 

4.8% 

Others 

15,555 

4,906 

40 

.1.021 

80 

Totai. (Qiy) 

149.102 

144,6.S6 

55,797 

29,51 1 

20,588 

Vai.i'K (Rs.) 

2.220,815 

2,087,895 

758,905 

448,162 

551,6.16 


• June 1966 M.irch 1%7. 
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TABLE 2-EXPORTS OF RAUVOLFIA ALKALOIDS FROM INDIA 
(Qty in kg. ; Val. in Ks.) 



I%.t 64 

194 

1964-65 

155 

1965 66 

95 

1966 67* 

19ti7 68 

32 

Pakistan 

4W) 

5K6 

517 

. . 

. . 

Japan 

. . 

. . 

1,5(M) 

5(M) 

500 

Olhers 

l.t 


5<1 

286 

54 

Total (Qty) 

667 

721 

1,962 

786 

566 

Vai.L'K (Ks.) 

16,692 

14,820 

87,415 

48.565 

45,184 


•June I %6 March 1967. 


tions imposed by the (ioyernment of India. Besides 
roots, a small (juantity of rauvoltia alkaloids is 
exported annually (Talde 2). 

Rauvolfia 

The drug rauvolfia consists of the air-dried roots 
of R. serpen lina. The roots are stout, up to 40 cm. 
long, 2 cm. in diameter, tortuous ; surface slightly 
wrinkled, rough and coarse with longitudinal mark- 
ings ; sometimes hranched : fracture short and 
irregular ; root hark greyish yellow to brownish ; 
wood pale yellow. The roots are odourless and very 
hitter. Rauvolfia is oDicial in Indian Pharmacopoeia 
which re(|uires that the roots should be collected, 
with the hark intact, in autumn from 3 to 4 year-old 
plants : they should contain: total alkaloids, ^0.8% ; 
and foreign matter, British Pharma- 

ceutical Codex re(|uires the content of reserpine-like 
alkaloids to he not less than 0.15 per cent. Besides the 
root, its lu|uid extract, the dried extract, and the 
tincture are ollicial in Indian Pharmacopoeia 
(Youngken, Ainer. /. Pliarnt., 1953, 125 , 186 ; Woodson 
ct rt/., 33 : I.P., 226, 227, 524. 693 : I.P.C., 217 : B.P.C.. 
1963, 701). 

In recent years, rauvoHia and its preparations have 
become important therapeutic agents, both as anti- 
hypertensives and as sedatives. Rauvolfia is an impor- 
tant source of the active alkaloid, reserpine, which is 
also extracted commercially from the roots of R, vomi- 
toria and R, tclraphylla ; re.serpine content of R, votni’ 
Inriu is twice that of /?. scrprnthui. In India, rauvolfia 
has been employed for centuries for the relief of vari- 
ous central nervous system disorders, both psychic and 
motor, including anxiety states, excitement, maniacal 
behaviour as.sociated with psychosis, schizo|)hrenia, 
insanity, insomnia and epilepsy. Extracts of the roots 
arc valued for the treatment of intestinal disorders, 
particularly diarrhoea and dysentery and also as 
anthelmintic. Mixed with other plant extracts, they 


have been used in the treatment of cholera, colic and 
fever. The root was believed to stimulate uterine 
contraction and recommended for use in ehild-hirth 
in difficult cases. The juice of the leaves has been 
used as a remedy for opacity of the cornea |U.S.I)., 
1955, 1826 : Schlittler in Manske. VIII, 288 ; Miikerji, 
/. .SCI. industr. Res., 1955, 14 A( 7 ), suppl., i ; Kirt. & 
Basil, II. 1550I. 

Rai volfia Alkaloids 

The pharmacological activity of rauvolfia is due to 
the presence of several alkaloids of which reserpine 
is the most important. The total alkaloid content of 
the roots from ilifTerent sources varies considerably ; 
it normally ranges from 1.7 to 3.0 per irnt. Table 3 
gives the alkaloid content of the roots obtained from 
various sources in India. There does not seem to he 
any striking difference in the alkaloid content of the 
roots with respect to the age of the plant up to 3-4 
years of its growth (Table 4). The alkaloids are con- 
centrated mostly in the hark of the roots, the (|uantity 
being much less in the wood : the hark is reported 
to yield about 90 per cent of the total alkaloidal 


TABI.E 3-TOTAL ALKALOID CONTENT OF THE ROOTS OF 
R. SERPENTINA OBTAINED FROM VARIOUS PARTS OF INDIA 


Place 

Source 

Age of the 
plant 

Alkaloid 

rontent 

Assam' 

I’r.-ule 


2.57 

IVihar' 

do. 


2.24 

Bihar’ 



0.96 2.72 

M;ulhya Pradesh' 

'Trade 


2.99 

Madhya Pnidcsh (Basiar)' 

do. 


2.41 

()ris.s:i' 

do. 


1.75 

I’tlar Pnidcsh' 

do. 


2.05 

Kerala' 

do. 


1.86 

West Bengal 




Darjeeling' 

do. 


1.76 

Plains' 

Cullivi 

lied 12 moiiihs 

1.94 

(hijarat (Jamnagar)' 
K;ijasthan 

do. 

50 mouths 

1.85 

Bundi' 

do. 

15 months 

1.76 

C:hiltorgarlr' 

do. 

17 months 

1.78 

I^Jl 1 jah (.Shahpur)' 

do. 

IS months 

1.17 

Western ghats' 

Trade 

.. 

1.17 1.75 

' Gangiili Bose, huluni f. Pharm.^ 1956. 18, 195; “ WaklilcHi, 

/. Inditui hot. .Voe., 1965, 42, 214; " Datia & Virmani, Hull. nut. 
Iwt. Ctlns, isurknou'. No. 107, 1964 ; ' Kajagopalaii, J. svi. imiustr. 
Rfs., 1954, 1311, 77. 
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TABLH 4~ALKAL01D CONTENT OF ROOTS OF H. SERPENTINA 
OF DIFFERENT AGES 

Al.KAI.fllU CONTKNT (%) 


Ajji* (yr.) 

IX'lir.i Dim* 

J.'iminiit 

An.'iinialais* 

Kotaht 

1 

l.«l 2.02 

i.66 

1.37 

1.24 

2 

1.65 I.7H 

I..S4 

2.05“ 

1.31 

3 

1.43 1.79 

1.60 

2.30 

1..S0 


* Datia & Viriiiani, HniJ. nal. hot. (ithis^ Luvknozv, No. 107, 
l%4 : t Sohii vt at.^ Iittlutii For., 19.S9, 85« 233 ; X Mathur & Singh, 
iliifl., iy6.\ 91 , 2.V). 

" Koot.s ohtaiiii'd From I ^ -year old plant. 


TABLE 5— ALKALOID CONTENT OF DIFFERENT PARTS OF 
R. SERPENTINA 



(*’o« 

dry Ikisis) 




l.ocality 

Root 

K<m)1 

hark 

Root 

wood 

Leaf 

Stem 

Wc-.st lk-ni;a[ 






I'lains' 

1.94 

4.13 

0.5 



Kiiiuaiii Forest'' 

1.64 

3.26 

0.46 

0.4S 

t).45 

Kaitch1ori“ 

1.41 

2.52 

0.26 

0.44 

0.30 

Jamnagar' 

1.72 


. . 

0.53 

0.60 


' Oatigidi ^ Ihisc, hulinu f. Phuntt., 1956, 18 , 193; “Biswas, 
ibid., I9.S6, 18 , 227 ; “ Ahluwalia, Indian For., 1963, 89 , 373. 


content. The leaves and sterns also contain alkaloids 
but in smaller amounts than the root hark (Table 5) 
(Ganguly & Bo.se, hidian J, Phann., 1956, 18 , 193 ; 
Ik'idhwar ct aL, Indian For., 1955, 81 , 258 ; Mathur 
& Singh, ibid., 1965, 91 , 239 ; Bal, Indian ]. Pliarm., 
1956, 18 , 175). 

The alkaloid content of the rools is re|)orted to 
vary with the .season. Kx[)eriments carried out in 
Dehra Dun have indicated that the roots dug out in 
December, when the plant sheds its leaves, arc richer 
in alkaloids than the roots harvested in August. 
Investigations in Bihar also have given .similar results: 
the alkaloid yield is highest at the end of the season 
when the plant sheds its foliage, and lowest at the 
beginning of the season when the growth is resinned. 
No signilicant difference has Ireen observed in the 
alkaloid content of the roots of plants grown under 
irrigated agricultural and under forestry conditions 
(Biswas, Indian J. Fliarm., 195A, 18 , 227 ; Wakhloo, 
/. Indian hot. Sue., 1963, 42 , 214: Badhwar et al., 
loc. cit.). 

There is a considerable increase in the yield of 
roots as well as their total alkaloid content when the 
plants are treated with colchicine. The maximum 


amount of fresh weight «)f root per tetraploid plant 
(2n=:.^4) was 414 g. as compared to 250 g. for a 
diploid (211 — 22), and the alkaloid content of the 
tetraploid was 2.3 per cent as against 1.5 per cent in 
a diploid of the .same age. In another .set of experi- 
ments, it was okserved that the total alkaloid in the 
colchicine-induced tetraploid increa.sed signilicantly, 
though there was no proportionate increase in 
re.serpine content (Bhaduri & Biswas, Sci. & Cult., 
1955-56, 21 , 197 ; Janaki Ammal, Carr. Sci., 1962, 31 , 
52<>i 

I'he alkaloids .so far reported from various 
Ratwolfia .spp. number about 80 ; they are listed, and 
cla.ssified according to chemical types in Table 6. The 
alkaloids isolated from the roots of R. serpentina and 
other Rauvolfia spp. found in India are given in 
Table 7. "^rhe presence and the (piantity of individual 
alkaloids in R. serpentina appear to depend to a 
certain extent on* the .source from which the root is 
obtained. Considerable variation in the alkaloid 
content and potency of the roots obtained fnnn 
different localities in India, as well as the lots coming 
from the same areas has been observed |Mukerji. 
/. sci. indnstr. Res., 1955, 14 A( 7 ), suppl., 1 1 . 

The known rauvollia alkaloids can all he regarded 
as yohimhinoid derivatives. They are broadly classi- 
fied into five types of basic chromophoric sy.stems, vi/. 
indole (including anhydronium bases), indoline, 
indolenine, oxindole and ^-indo.xyl, which have been 
further divided under their gross skeletal .structures 
(Table 6). The alkaloids were earlier cla.s.silicd into 
three group.s, vi/. strong yellow anhydronium bases 
(e.g. serpentine), medium basic indolines (e.g. 
ajmaline), and weakly basic indolines (e.g. ajmalicine 
and re.ser|)ine). Pharmacologically, they can he 
divided into the re.serpine group and the ajinaline 
grouj) : the former releases the sympathomimetic 
amines whereas the latter does not. In the account 
below, only the pharmacologically active alkaloids of 
rauvolfia are dealt with (Schlittler in Man.ske. VIII, 
296 : Pakrashi & Aehari, J. sci. indnstr. Res., 196S, 27 , 
58 : Wood.son et al., 51 ; Arora et al., Indian J. med. 
Res., 1967, 55 , 389). 

Rcserpine Reserpine is pharmacologically the most 
potent alkaloid, found in all the Rauvolfia spp. with 
the exception of a few. Re.serpine content of the roots 
of R. serpentina obtained from different places in 
India is given in Table 8. 

Re.serpine is a relatively weak tertiary base occur- 
ring in the oleorcsin fraction of the roots of R. serpen- 
tina. It is the 3,4,5-trimcthoxy benzoic acid ester of 
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TABLE 6-ALKALOlDS OF RAUVOLFIA SPP 


Alkaloid 

Mol. forinuln in.p. 

Ininh.k Ai.kai.oidk 

(a) Yohimbine type 

i"i.. 

Clanirmbinc (?) 


228 29 

-1-57" (ethanol) 

C\irynanthitK' 


2M 32’ 

- 85 (pyridine) 

SiTcdini* 


29r 

1" 

Yohimhiiu' 


234 36*' 

-f-ior (pyridine) 

fi-Yohimbinc 


238 39" 

12" 

/:^-Voliiiiibiii«r 


246-49 

.54" (pyridine) 

3-Kpi-.i-y*»liiml>iiK‘ C..,H 

125 28’ 
181-83 
222-23 ’ 

-93“ 

vS'-Vohiiiibiiic 


268“ 

-1-27’ (pyridine) 


(ii) IH-Hydroxy-yoIiinibiiic type 

Dcscrpidinr 


228-32’ 

1.37" 

I.sopsciidorcKcTpinc C.,,! 



rsoraiiiu'sc'inc 

C\,Il3.N,<), 

211 42‘ 

70^ 

Isorcserpiiic 


152-56' 

-164“ 

Kauj'iisliiu* 

c,un..N,(). 

160 70* 

-.50“ 

HaiincKrinc 


160 70 

-74" 

Kcnoxiditu* 


238 41' 

-100“ 

Kcscidiiic 


183 86' 

63“ 

Kt'sciiinaiiiinc 
KcsiTpic acid 


237-38^ 

-97’ 

incfhyl ester 


244-45 

99* 

Ueserpiiic 


264- 65^ 

117" 

^-Keserpine 


257 -58 • 

-65“ 

(<•) 

1 9- 1 )eli yd ro- 1 H • li y drox y -y ob i ml li ne t y pc 

neserpideiiie 


149 52 

-l.l.r (pyridine) 

Kaiijeinediiie 

144-0(1 

(d) Hetero-yt)liinibine lyjie 

88" 

A jinalieiiie 


253 54 

62 

Aricine 


190 

59 (ethanol) 

Lsoreserpiliiie 


211 12' 

82' (pyridine) 

Isoi'eserpiiiiiie 


225 26 

--IS* 

Kaiiniticiiie 


■ 233 .15 

-.18 

Kaiiiiili<iiiie 


276 7S 

70 

Kauiiii tori lie 


138’ 

-1-60 

Uauvaniiu' 


129 .15 


Keserpiline 



12' 

Keserpiniiie 

Tetiahvilro- 


243 44 

- 131 

alstoninc 


228 .10 

-102- 

retrapliylline 

(f) Ai)hy(lri>nium lyiK- 

-78' 

Alstonine 


>.100 


Serpentine 


158 

-1-292 (methanol) 

Sei'pentinine 

’65 66 

(f) Siir|iaKi>ic ty|K: 

+ H7 

Neosarpa);inc 


.190 


Sarpagine 

C„H„N,0, 

>350 ‘ 

-1-53' (pyridine) 

* Fakrashi & 

Achari, /. set. iudustr. Res., I96S, 27, .‘'S ; Schlitllei 


Alkaloid 

Mol. formula 

m.p. 

F-1n 


Immii.ink Ai.kai.oid.s 



Ajmaline type 


Ajnialidine 

c:,.,ir,N,<3, 

241-42' 

• • « 

Ajmalinc 

CV.JI....N3). 

1.58 60^ 

-f-Hl* 

Mauiensine 


240 -42 ’ 

-i-184' (methanol) 

rsoajinalinc 

a.ll,„NX), 

264 66* 

+ "2 '■ 

Mituridiiie 


322’ 

■1 175' (pyridine) 

Fierininc 


216* 

. . 

Piir])eline 

C’.,iTT„N..(), 

155“ 

4-3.13’ 

Kaiivomitinc 


115-17 

-I7.r 

Ratiwolfinine 

C.,„U,.>VV 

2.15 .36 

35 (ethanol) 

Sandwicine 



4-180' 

Sereclaniinc 


297“ 

-} 60“ 

Tetraphyllicinc 

a..lU.N,(), 

320 22 ■ 

|61‘ 

Vincamajitic 


225' 

- .5.5’ (ethanol) 

Voinaliditie 


242-43 ’ 

1 .IIS' 


^-rMN>XYi. 

Al.KAl.flll> 


fsorc.scrpiliiic- 


2.52 .54“ 

-2.54“ 

\/-iiidoxyl 






Ai.kai.oidk 


Ferakine 


183“ 

4-112" 

Vfimileiiine 

C,,ir,N3), 

207" 

■ 72’ (pyridine) 


OXINDOl.K 

Ai.kai.oiii.s 


C!ara|Kinaiibine 


221 23’ 

-lor 

Rauvoxine 


210 

1-98' 

Rauvoxininc 


203' 

-1 64’ 

Ai.kai.oii).s oi' Unknown Sthicmuk 

Ajmalinine 


ISO 83 

- 97' 

Alkaloid A 


140’ 

4-1.13’ 

Alkaloid 1) 


184 

4-44’ 

Alkaloid KFI 

C.,.31,,N,(), 



Alkaloid KF2 

C„lb,N3), 



Alkaloid KF3 




Amsoniacfolinc 


220 23 


An alkaloifl 


190 92 

132 (?) 

C’handrine 


2.10 31 


N«)rc.serpilinc 


129 .10 

78 (ethanol) 

Obsciiridinc 


228’ 


Obsciirine 


255 ’ 

f 2.50' 

Felirine 


I.IO 31’ 

121' (ethanol) 

Kaucadricinc 

i:,..H,.N3),..Ul,() 220 

1 14.5’ (ethanol) 

Rancadridine 


221’ 

.. 

Raucadriline 

c: ^H,,N3), 

200-01 ' 


Ratinaminc 

t:.,,ii,„N,c). 

206-07 

4 60 ' 

RaiiwolOne 


235 36 


Siindwieeiisine 


260 62 

4-56' (methanol) 

Samatinc 

c„ir,,N,o, 

284 85" 

.■ 

SianiKTlIorine 

u,,n,.N,() 

295 ‘ 

•• 

r in Manske, Vllh 

, 287. 
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TABI C 7~ALKALOIDS ISOLATRD FKOM RAUVOLFIA SPP. 

FOUND IN INDIA 

Species Alkaloids 

R, bvtltUmvi^ Ajinalicine, sarpagiiie, serpentine 

R, tlemi flora' Ajmaline. densifloriiie, resciiiiiaminc, rcser- 
piline, isorescrpiline, reserpine. rescrpininc, 
sarpagiiic 

R. mhramha' Ajiiialicine, rauiiainine, reserpilinc, reserpine, 
sarpagine. iieosarpagine, serpentine 

R. scrlH‘uibia'»^ Ajinalicine, ajinaline, isoajnialine, ajinalinine, 

eliaiidrine, raiiwolfininc, reiioxidine, rescin- 
namine, reserpiliiie, reserpine, reserpiniiie. 
sarpagine, serpentine, serpentininc, tefra 
pliyllieine, yohimbine, 3-epi-a> yohimbine 

R. tetral>h\lla' Ajinalicine, ajmaline, alsloninc, aricine, eory- 
nanthine, deserpidine, raiijcmidine, raunes- 
cine, isoraiinescine, renoxidine, reserpiliiie, 
isorescrpiline, reserpine, ^-reserpine, rcser- 
piiiine, isoreserpinine, sarpagine, seriHMiliiie, 
serpentinine, tctranhyllicine, tetrapbylline, 
yohimbine, a- yohimbine, /?-yonimbifie, 
V^'yohimbinc 

' Schliiiler in Manske, VIII, 92 : ^ Ihirohit A: Majiimdar, 

/. Insln Cht'm. India, 1963, 35 , 131 ; ^Siddicjui, t*akist. J. sri. 

industr, Rvs.f I9.SS, |, 3. 


TABI.F. «-RKSHRPINn CONTENT OF ROOTS OF R. SERPENTINA FROM 
IMFFEKENT I.OCALITIES 


Locality 

Age (yr.) Total alkaloids 

Reserpine 

Sagara' (My.sorc) 

1 1.74 

0.12 

Nilgiris® (Madras) 

2.30 

0.20 

Bareilly' (IM’.) 

2.14 

0.15 

ITaldwani'* (U.P.) 

2.38 

0.17 

IVlira IJun' (U.P.) 

2.12 

0.06 

Jaminii' 

1.6 

0.05 

Shalipiir' 

(Maharasliira) 

2.02 

0.11 

Nawapur' 

(.Maharaslitra) 

1.49 

0.12 


' Datta &L Vinnaiii, Hull. uat. hot. CdnSf Lm kuoic, No. 107, 
1964 ; “Cupta, ISI Hull., J96S, 20 , 363. 


resfrpu: acid, an indole derivative of i8-hydro\y- 
yohimbinc tyjic. Its adivity is basically associated 
with tbe sbape* and strudiirc of tbc molecule. Rc.ser- 
pine lias been syntbesi/ed and tbe synthetic alkaloid 
is today competitive in price Avith reserpine extracted 
from the roots. Reserpine is official in the British 
Pharmacopoeia which includes tbc product obtained 
from Rnuvolfia spp. or by synthesis (Schlittler in 
Manske, VIII, 2 i/\ 3(K), 316 ; Lewis, J. Pharm., Loml., 
1956, 8 , 465; Schlittler in CNS Drugs, 1, 8). 


Reserpine has a depressant action on central 
nervous system and produces sedation and a lowering 
of blood pressure, accom[>anied by bradycardia. 
Administered orally, in hypertension, the effects of 
reserpiiu! are slow, seldom appearing before 3-6 days 
of atlministration and continuing for some time after 
withdrawal of the drug ; it has a cumulative effect. It 
is most valuahle in young patients with mild labile 
liypertcnsion associated with tachycardia. Jn long 
established hypertension, it is best used in conjunction 
with more potent hypertensive drugs such as hexa- 
methoniimi or hydrala/.ine. Comliincil with poly- 
thiazidc, it is a useful liypotensivc in mild to moderate 
conditions ; with lasix it is particularly effective in 
patients with high mean values. The response to 
reserpine varies in patients and the dosage must be 
adjusted to individual requirements. In severe hyper- 
tension, it may be given by intravenous or inira- 
muscular injection when the effect begins within a 
few hours. Parenteral therajiy of reserpine is indicated 
in the treatment of hypertension, only when oral 
administration is inqnacticable (B.P.C., 1963, 704 ; 
U.S.l)., 1955, » ^hah cl til., ]. Ass. Physicians 

India, 1965, 13 , 845 ; Chcni. Ahsir., 1965, 63 , 3523). 

Reserpine is used for its sedative action in mild 
anxiety states anti chronic psychoses. It has a 
rraiujuillizing rather than a hypnotic action and 
produces less somnolence than do barbiturates. 
Patients with chronic mental illness treated with 
re.serpine often become relaxed, sociable and co-opera- 
tive. It is administered by mouth and/or by intra- 
muscular injection and the dosage is adjusted 
according to the response of the patient. The treat- 
ment may have lo be continued over a long period of 
time and the drug should not be abruptly Avithdrawn. 
Reserpine is considered valuable in the treatment of 
chronic schizophrenic patients. It acts synergist ically 
Avith chlorpromazine leading to lower dosage and 
ininimi/ing adverse siile effects (B.1\C., 1963, 704 ; 
Randrup & Mutikvad, Brit. J. Psyrltial., 1966, 112 , 
173; Chew. Abslr., i960, 54 , 12389). 

The meclianism of antihypertensive and sedative 
effects of reserpine is not fully knoAvn yet. Adminis- 
tration of reserpine depletes ihe brain and peripheral 
vessels of serotonin (5-hydroxy rryptamine) and 
catechol amines. It has been poslulated that its 
primary attack on the brain leads to sedation, Avhereas 
its secondary action on the peripheral vessels produces 
anlihypertensive effects. lloAvever, no causal relation- 
ship betAveen depletion of amines and the sedative and 
antihyperten.sive activities in response to reserpine 
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has l)ccn firmly established. It has also been suggested 
that the action of reserpine on the central nervous 
system is partly due to its influence on the circulating 
hormones (Bein in Chen & Miikerji, 87 t)2 : Schlittler 
in CNS Drugs, 2 ; Schildkrani & Kety, Science, 1967, 
156 , 21 : ('hem, Ahstr., 1964, 60 , 3400). 

Reserpine has a highly complex pattern of activity. 
Besides the amine concentration in brain, it is also 
reported to influence the concentration of glycogen, 
acetylcholine, y-aminohiityric acid, nucleic acids, anti- 
diuretic hormone, and substance P. The effects of 
reserpine include respiratory inhibition, stimulation 
of peristalsis, myosis, relaxation of nictating 
membranes, and influence on the temperature 
regulating centre. It increases the volume and free 
acidity of gastric secretion. Reserpine reduces 
glycacmia in some cases hut the effect is short-lived. 
In some patients it has a stimulating effect on pro- 
thrombin activity. Reserpine also favours permeation 
of blood into areas rendered ischemic by burns (Bein 
in Chen tV Miikerji, 87 92 : Afni, N,Y, AauL Sci„ 
1955, 61 , 4; Woodson et ah, 119-29; Martindale, I, 
742; Chem. /l/;.v/r., 1965. 63 , i7(m)2 : 1966. 64 , 
20491: 1965, 62 , 56S9 ; Vavrik, V.xperienlia, 1965, 
2 h 701). 

Reserpine should be used with caution in anxiety- 
depressive states and in patients with cardiac arrhy- 
thmia, myocardial infarction or severe cardiac 
damage, hroncliitis, asthma or gastric ulcer. Reserpine 
has a relatively low toxicity, hut even the minimum 
therapeutic doses may give rise to nasal congestion, 
lethargy, drowsiness, peiuliar dreams, vertigo and 
gastro intestinal upsets : sometimes dyspnoea and 
urticarial rash may occur. Higher doses may cause 
Hushing, injiction of conjunrtivae, insomnia, brady- 
cardia. occasionally |)arkinsonism. and severe mental 
depression which may lead to suicide. Cases of 
asthenia and oedema have also been rejtorted. Side 
effects of reserpine are usually transient and (juickly 
disappear on reducing the dosage or discontinuing 
treatment. Tolerance to reserpine does not develop 
and it docs not appear to he liahit-forming. Prolonged 
previous use of reserpine may cause disturbances in 
blood pressure during operation under general anaes- 
thesia, while some patients may he highly susceptible 
to a small parenteral dosage. When give to nursing 
mothers to increase the secretion of milk, it is excreted 
with milk but the amount is not therapeutically 
harmful (R.P.C., 1063. 704 ; Chem, Ahstr., 1966. 65 , 
• ^9^5* 13862 ; Leon berg el al„ Ann. intern. 

Med., 1964, 60 , 8^. 


Reserpine is now being used as a tool in physio- 
logical studies of body functions aiul pharmaco- 
logical studies of other drugs. It is effective against 
ligation-induced fibrillation of dog heart. It interrupts 
the normal vaginal cycles, inhibits the ovulation and 
induces pseudo-pregnancy in female rats. In male rats 
it tends to inhibit the androgenic secrc-tions of gonads 
and to decrease tin* compensatory hy|)ertrophv of 
testes. It is reported to give some protection to male 
and feinale mice against the sierili/ing effect of 
hormones. Reserpine exhibits anti-emetic activity 
against staphylococcal enteroioxin and apomorphine- 
induced vomiting in experimental animals. It is 
antagonistic to the analgesic effect of morphine and 
increases the survival rale of mice cx|)osed tt) X- and 
y-rays. Skin homograft rejection in rats is decnased 
under reserpine treatment. Reser|)ine exerts bacterio- 
static action against Gram-positive bacteria (Zaimiss, 
Nature, Loud., 1961. 192 , 521 : Chem. Abstr.. 1965, 
63 , 8920, 1105; i960, 54 , <;(',94 ; 1963, 58 , 14593 : 1964, 
60 , 6118. 12559: 1964, 61 , 15012: 1962, 57 , 11795: 
Draskoci & Jankovie, Nature, Land., 1964, 202 , 
4(x;). 

Reserpine is added to poultry feed for growth 
promotion and feed efliciency : a comhiiiation of 
traces of reserj^ine and manganese bacitracin, with or 
without procaine penicillin, is allowed in chicken and 
turkey feed in U.S.A. {('hem. Ahstr.. 1966. 65 , 12771). 

Oilier Alkaloids Deserpidine is almost as active as 
reserpine in its hypotensive anil sedative activity. 
Rescinnaniine is methyl trimethoxy cinnamoyl reser- 
pate. Quantitatively it is weaki r ilian reserpine hut 
tjualilatively it has the same action : it is reported to 
be less toxic than leserpine. 'I’he three alkaloids 
\l/-resef pine, rescidine and rauncscine are also active 
although to a lesser extent than reserpine. In contrast 
to this group of alkaloids, rau^ustine and isnrainie- 
seine are inactive (Schlittler in Manske, VIT, 89, 91 ; 
T^ewis, /. Pharni., Land., j()j;6. 465; Schlittler in 

CNS Drugs, 3, 5). 

Reserpinine was reported to he devoid of any 
sedative or hypotensive effect : in another investiga- 
tion. it was observed to possess a mild hypotensive 
activity (Lew'is, loc. cit. : Chem. Ahstr., 1957, 51 , 
12326). 

Serpentine is a yellow^ (]uaternary indolic anhydro- 
niiim base. It produces hypotension and inhibits 
intestinal movements. Given with an ecpial amount 
of reserpine it was more hypotensive than either of 
the drugs in erpiivalent doses. It possesses anti-fibril- 
lar activity. Serpentine causes marked inhibition of 
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succinate dchyclrogenase in brain and liver tissues. Ir 
produces a systemic and pulmonary hypotension due 
to a decrease in cardiac output ; there is no change in 
coronary flow, but coronary vascular resistance is 
decreased and myocardial oxygen consuin})iion is iin- 
alTected. Serpentine is more toxic than ajmaline or 
serpentinine (Lewis, loc. cit. : Dhawan & Bhargava, 
Indian /. med, Rvs,, 1959, 47, 419 ; Arora & Madan, 
Indian /. Pliann., 1956, 18, 247 : Bose & Vijayavargi, 
Indian /. med, Sci„ 195S. 12, 440; Chem. Ahstr., 
1965, 62, 13739). 

Serpentinine is a (juaternary anhydroiiiuin base. It 
was found to raise the normal blootl pressure, but in 
animals with experimental hypertension it caused a 
fall in blood pressure. Later workers have, however, 
concluded that it has a weak hypotensive activity. It 
stimulates the respiration and intestinal movements ; 
to the latter effect has been attributed its purgative 
action. Serpentinine diminishes the renal vasocon.s- 
triction activity of adrenaline but does not alter 
adrenaline hypertension (Chopra rt aL, Indian ]. 
med. Res., 1942, 30 , 319* Deninger, Pakist. J. sci. 
industr. Res., 1959, 2, 114 : I^ewis. loc. cit.). 

Sarpaf^ine is a weakly basic, tertiary indolic alka- 
loid. It has only fleeting effects on blood pressure and 
the pressor amines (Schlittler in Manske, VTII, 81 1). 

Ajtnaline is the mo.st abundant alkaloid of R. 
serpentina. It is a ditertiary indole base and has been 
synthesized. Ajmaline produces no sedation and like 
serpentinine its effect on blood pressure is in no way 
remarkable. The transient decrease of blood pressure 
appears to he due to its depressing effect on the 
cardiac tissues. Ajmaline has been reported to stimu- 
late respiration and intestinal movements. The action 
of ajmaline on systemic and pulmonary blood 
])ressure is similar to that of serpentine (Saxton in 
Manske, Vll, 103: Schlittler in Manske, VJII, 811 : 
Musamune et al., /. Amcr. chem. Soc., 1967, 89, 2506 ; 
Chatierjee & De, Ridl. Calcutta Sch. trop. Med., 1962,- 
10 , 15 ; Chatterjee el al, Hull. nat. Inst. Sci. India, 
No. 4, 1955, 32 ; Miikerji in Chen & Mukerji, 79-85 ; 
Chem. Ahstr., 1965, 62, 13739). 

Ajiiialine possesses anti-fihrillar activity, and its 
mode of action appears to be identical to that of 
([uinidine. It is effective against extra systoles and 
exhibits useful adjunctive action in auricular fibril- 
lation and a few other heart conditions, but it is not 
likely to displace quinidine or procaine amide for 
general use in cardiac arrhythmias. However, the use 
of ajmaline is indicated in the therapy of secondary 
arrythmias by excessive dosage of digitalis. Ajtnaline 


may be useful in combination with antihypertensive 
agents for the treatment of hypertension complicated 
by a cardiac condition (Chem. Abstr., 1962, 5 ^ 533^ ; 
1963, 58, 2768 : 1966, 65, 4461 : 1962, 57, 1501). 

Isoajmaline jiroduces hypotension and also causes 
drowsiness without sleep or loss of consciousness. 
Ajmalicine is a stereoisomer of letrahydroalstonine. 
It possesses a central depressant activity in addition to 
its adrenergic blocking activity. Ajmalinine causes 
hypotension with renal vasodilation. It is sympatho- 
lytic (Bhatia & Kapur, Indian J. med. Res., 1944, 32, 
177 : Pakrashi, Ann. Rinchem., 1961. 21, 367 ; 
Schlittler in Manske, VIII, 166 ; Chem. Ahstr., 19^7, 
51, 12326 : Lewis, loc. cit.). 

Rainvolfinine has hypertensive properties. Raujemi- 
dine exhibits about one-half of the tran(|uillizing 
activity of reserpine. Chandriue po.ssesses antiar- 
rhythmic activity (Chatterjee & Bose, Sci. & Cult., 
1951-52, 17, 139 : Schlittler in Manske, VIIT, 3(X) : 
Chem. Ahstr., 1963, 58, 846). 

a-Voliimhine (raiiwoiscine) causes hypotension. It 
is reported to be a cardiovascular depressant with 
hypnotic activity and a relatively high toxicity 
(Chakravarti, Sci. & Cult., 1941-42, 7 , 458: 
Mukherjee, ibid., 1952 -53, 18, 33 «)- 

Total alkaloids and extracts — The total alkaloids 
and extracts of R. serpentina roots have been found 
to exhibit a variety of effects such as sedation, hypo- 
tension, bradycardia, niyosis, ptosis, tremors, relaxa- 
tion of nictating membranes and diarrhoea, almost 
all of which are typical of reserjnne. Lxtensive 
pharmacological and clinical comparison between 
reserpine and reserpine-containing alkaloidal frac- 
tions of rauvoltia indicated that the hypotensive 
and sedative actions of the latter could not he ex- 
plained by the reserpine content alone : active prin- 
ciples other than reserpine are said to contribute to 
the total activity of the drug. Hypotension caused by 
the total alkaloids was not thought to result from 
small amount of reserpine present since the onset of 
hypotension was speedy and of long duration. 
Further, the total alkaloidal fraction of the crude 
drug has been reported to he more potent in its tran- 
quillizing effect than reserpine alone. However, there 
are also reports to the contrary : experiments using 
mouse ptosis and isotope dilution assays of whole 
roots have demonstrated that all of the biological 
activity could be accounted for by the reserpine 
content alone (Woodson el al., 111-12; Saxton in 
Manske, VTT, 91 ; Mukerji in Chen & Mukerji, 83- 
84 ; Burger, 563-^4). 
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The total alkaloids, freed f)f rcserpine, showed an 
accelerating action on the aiitolysis of rat brain and 
liver tissue, but to a lesser extent than rescrpinc. In 
contrast to reserpine, the total extract of R. serpentina 
inhibited the acetylcholine-induced contraction of the 
enervated dorsal leecli muscle. I’he whole crude drug 
is reported to contain some principles whicli bring 
about undesirable side effects such as purgation and 
sexual debility (Rao, Indian /. med. Res,^ i960, 48, 
610 ; Chem, Abslr,, 1959, 53, 491 ; Mukerji in Chen & 
Milker ji, 83- 84). 

Considerable variation in potencies of the extracts 
and total alkaloids of raiivollia olitained from diffe- 
rent sources has been observed. Studies on the total 
alkaloidal fractions of the roots from Bengal, Bihar 
and Dchra Dun showed that the Bengal type had 
the greatest hypnotic activity and the Dchra Dun 
type the least. Among the rauvoHia types examined 
for the hypotensive activity, the Debra Dun and 
Terai (Himalayas) types were observed to be the 
most potent and the Malabar types the least active ; 
the Bihar and Bengal (coastal plain) types were nearly 
of eipial potency and about one-half as active as those 
from Dchra Dun. The crude resin from the roots 
possesses hypnotic activity, the alcohol fraction of the 
resin being the most active ; freed of alkaloidal 
material (reseipine), the resin was completely inactive 
[Mukerji, /. sei, indnslr. Res,, 1955, 14 A( 7 ), su|)pl., i : 
Gupta ^ Kahali, fndian J, med. Res., 1943, 

Gupta el i//., ^ibid., 1944, -^^9 ^ ^^edicus, 

Karachi, 1954, 9 ( 2 ), 37]. 

Imur alkaloidal complexes, \i/.. serpajmaline, 
ajmalexine, resajmaline and a cream coloured powder, 
have been separated from the fresh roots of R. serpen- 
tina (Table 9). 'I’he complexes are said to be a con- 
venient source material for the isolation of individual 
alkaloids ; the major jiart of the total alkaloids in 
roots ap|)ears to occur in the form of complexes 
rather than as simple salts or free bases. The serpaj- 
maline fraction is claimed to be free from reserpine 
and to be much more potent in its hypotensive 
activity than reserpine. without the sedative and 
central nervous system-depressant action of the latter. 
The antiarrhythmic effect of serpajmaline is greater 
than that of ajmaline, and the combination of serpaj- 
maline and ajmaline (80:20) has the maximum effect. 
The effects of serpajmaline are attributed to the 
mutually potentiating synergistic action of its alka- 
loidal and non-alkaloidal constituents. However, 
another investigation of serpajmaline fraction de- 
monstrated that the type of antihypertensive activity 


TABLB 9-AI.KALOIDAL COMPLEXES OBTAINED FROM FRESH ROOTS 
OF R. SERPENTINA" 



rdnii 

Yield, 'V, 
(dry basis) 

Constituents 

Sfrpajmarn!r» 

Ijghl 

iTcaiii 

inloiirril 

powder 

1.5 1.6 

Ajmnliiie, .serpentine, .ser- 
pentininc, and two un- 
known substances, one 
probably rc.serpilinc 

Ajmalcxiiie 

do. 

0.2 lU 

Mainly ajniurine and 

weaker bases including; 
reserpine (5.5‘;,',), and res- 
cinnaniine (2.5",,) 

Krsajinalino 

(*rcciiisb 

viscous 

licpiid 

0.5 0.8 

Mainly fatty matter, ser- 
posierol and other un- 
sapoii i lia hies. reserpi ne 

( 2 ..t " ) ), resci II nam i nc 

(0.5".,), smile weaker ba.ses 
and traces of ajiiialine 


Cream 

coloured 

|)owiler 

• • 

Stronger bases and two un- 
known subsianees 


* Sitldiqiii, (Uicni. Cf tnd., 1957, 1270 ; Pakisl. J. svi. imlustr. 
Res., 1958, I, 5; Siddiqiii et at., ibifl., 1959, 2, 80. 

" SiTpriitiniiie, njmnliiic and fctraphyllic-inc were obtained from 
this IVaciinn bv another inxesligator (Schlilller in Manske, VHI, 
294). 

observed, closely resembles that of serpentine and 
serpentinine (Sidtlhjui, Chem. 6' hid., 1957, 1270; 
Pakist. ]. sei. indnslr. Res., 1958. 1, 3 ; Siddicpii et al., 
ibid., 1959, 2, 80 : Deininger, ibid., 1959, 2^ 93 : Arora 
et al., Indian J. nied. Res., 1967, 55, 389 ; Schlittler in 
Manske. VI IF, 294). 

RAl ' V ( )I .FL\ 1»K KPARATION S 

A large number of rauvollia preparations arc avail- 
able in the market, and are sold under various trade 
names. The Indian products consist of powdered 
crude drug, and its lic|uid extract, dried extract, 
alcoholic tincture, and total alkaloidal fractions. The 
foreign pharmaceutical concerns, in addition, manu- 
facture pure reserpine in several dosage forms such as 
tablets, elixir and injection. Tnjectible rauvollia alka- 
loid solutions, stabilized by the addition of methio- 
nine and thiourea, ami mixed preparations containing 
a rauvolfia ingredient together with some other active 
material are also marketed. Mention may be made 
of the alseroxylon fraction which is reported to be a 
selective fraction of rauvollia from which the sympa- 
tholytic and hypertetisive alkaloids have been remov- 
ed and which retains only the antihypertensive, 
bratlycardic and sedative activity. Rauvollia prepara- 
tions should be stored away from light in air-tight 
containers [Mukerji, /. sci. indnstr. Res., 14A(7), 
suppl., I ; Martindalc, I, 739, 745-46: Chem. Abslr., 
1965, 62, 8951 : B.P.C., 1963. 705]. 
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RAUVOLFIA 


COMPOSITION OK SKKDS 

The seeds of R. serpentina also contain raiivollia 
alkaloids. Of the fresh seeds, those which arc heavier 
than water (10-15*;.. of the total seeds) contain 0.20- 
0.30 per cent alkaloids and the rest 0.13 0.14 per cent. 
Tlie proximate composition of the seeds is as follows: 
moisture, 5.5 S.7 *. fat, 1.0 9.7 : reducing sugars, o.i- 
2.0 ; starch, 12.6-20.3 ; crude lihre, 56.5-75.5 ; nitrogen, 
0.55 -1.60 ; ash, 0.9- 1. 9 : phosphorus, 0.07-0.22: and 
calcium, 0.34-0.69",. The protein of the seeds is 
largely made up of globulins. Ceiierally, the seeds 
with high nitrogen and fat contents are reported to 
germinate well (Bajpai & Shanna, Indian /. Rharm., 
1956, 18 , 199 : Diitta, ibid., 1962, 24 , 61 : Nath & Rao, 
ibid., 1962, 24 , 187). 

R. tetraphylla Tann. syn. /?. eaneseens Linn. : R, 
heterophylla Roem. & Schult. 

Sulochana, J. Indian hot. Soe., 1959, 38 , 586. Fig. 4. 

T liNDi Raraeliandriha. 

A small, imich-hranched woody shrub, 0.6 1.2 m. 
high, native of West Indies, introduced into India 
and found as a common weed in the vicinity of port 
towns along the coast line. It has sprcail inland and 
is found as an e.scape from cultivation in Uttar 
Pradesh, Bihar, Orissa, Madhya Pradesh, West 
Bengal, Andhra lhadesh, Mysore, Madras and 
Kerala. Leaves whorled, elliptic ; llowers greenish 
white or creamy while in umbellate cymes : drupes 
ovoid, deep purple when ripe ; pyrenes rugose, oblong. 

'I'he plant is somewhat similar in habit to R. 
.serpentina and is more hanly than the latter. It is 
reported to occur in most of the moist and hotter parts 
of India. Tt prefers sunlight. Kxperinienfal cultivation 
of this plant has been taken up in the lower hill 
ranges of Kongo (West Bengal). It can easily he pro- 
pagated by seeds. It can also he propagated from 
liardwood cuttings after treating them with 30 p.p.m. 
of /?-indolyI acetic acid for 12 hours. The survival rate 
of treated cuttings is rejiorted to he 86 per cent where- 
as without the treatment, it is almost zero. Fneourag- 
ing results have also been obtained by treating root- 
and .shoot-cuttings with Seradix B, No. 3 (/i?-indolc 
butyric acid) (Rajkhowa. Indian For., 1967, 93 , 149; 
Kapoor & Gupta, ibid., 1966, 92 , 137 : Chandra, /. sei, 
industr. Res., 1956, ISA, 125: Sei. & Cull,, 1956 57, 
22 , 101 ; Biswas. Indiati ]. Rliarm., 1956, 18 , 227). 

The root of R. tetraphylla occurs in straight, 
cylindrical, curved or conical segments, up to 12 cm. 
in length and 0.4 -2.5 cm. in diameter. Externally it 
is greyish brown, brown to dark grey, or reddish 


brown where abraded, longitudinally wrinkled, some 
segments showing circular .scars or stubs of rootlets, 
others bearing the crown with attached stem bases. 
The bark is readily peeled from the wood in many 
.segments. 'Phe fracture of thin pieces is short and 
irregular and that of thicker pieces of sullicient length 
is irregular and splintery. The fractured surface 
exhibits light brown hark and pale yellow wood. 'Phe 
odour is indistinct and the taste very bitter (Woodson 
et al., 36). 

The roots of R, tetraphylla are often used as 
substitute or adulterant of tho.se of R, serpentina. 
They contain the alkaloids listed in Table 7. At 
present, the roots are useil for the commercial extrac- 
tion of re.serpine : however, according to one pharma- 
ceutical linn, the reserpine content of the dried root 
is comparatively low (0.03 0.05%) (Cheni. Fnffnjr 
Nezes, 1955, 33 , 1074). 

The major alkaloid of R. tetraphylla is d-yohim- 
lune (rauwol.scine) which is pre.sent in th(‘ root hark 
(o.iVo), stem bark fo.2'V,), and leaves (0.5'n). The 
leaves also yield aricine, reseipiline and /.sore.ser[)inine. 
'Phe total alkaloid content (dry basis) of the leaves 
(0.4-1.2",,). stems (0.10-0.29",'.) roots (0.06-0.2';.'.) 
varies with .season, the maximum concentration being 
recorded during ()ciolK‘r-January. fn a recent investi- 
gation, the leaves were* reported to contain 1.8 per 
cent and the stems 0.5 per cent of total alkah>ids. 
Ser[)osterol (m.p. 152 54' ), an aiiiirheumaiic subs* 
taiice, has been isolated from the roots |Wood.son et 
ai, 54 : Mookerjei*. ]. Indian eheni. Soe., 1941. 18 , 33 : 
Stoll & Hofmann, /. Anier. eheni. Soe., 1955, 77 , 820 : 
Milker ji, /. sei. industr. Res., 1955, 14 A( 7 ). suppl., 12 ; 
R.ajkhowa, Indian luir., 1967. 93 , 149-: Ghosh, Indian 
Par.. No. 63544. 1959I. 

'Phe plant is reported to he |)oisouous. 'Phe p(»i.son- 
ing effect includes pain in the mouth, constriction of 
the pharynx, burning .sensation in the stomach and 
intestines, vomiting, dyspnoea, haemorrhagic diar- 
rhoea, weak hut i|nickened and irregular pulse, intense 
thirst and dysuria and linally death preceded by con- 
vulsions and coldness of extremities. An extrai t of 
the plant mixed with castor oil to form a liniment is 
pre.scribed for some kinds of chronic and refractory 
.skin ailments. A decoction of the bark is employed 
in .some parts of West Indies as an external a|)plica- 
tion for chronic cutaneous diseases and to ilestroy 
parasites. Tlic fruit causes violent and usually fatal 
alimentary inflammation. The dark juice of the fruit 
furnishes a black dye (Fetiell, Colon. PI. Anini. Prod., 
' 955 . 5 . ')• 
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RAVENALA 


About a do/cn oihcr spccits of Rauvolfut have so 
far been investigated chemically and a number of 
alkaloids isolated from them. No therapeutic use of 
ihese species has been made in regular medical 
practice. As reserpine is repf)rted to he present in a 
number of species, it is likely that ihey may in future 
form the basis of various preparations now made 
from R. serpentina. Indian species of RauvaJfia are 
at present used mainly as adiilteranis of R. serpen- 
tina and include the following: R. beddnmei TIook. f. 
is a shrub 150 8o cm. high, with ohlanceolatc 
leaves, pinkish white flowers, gibhously ovate drupes 
and rugose ])yrenes, found in western ghats, 'J’irunel- 
veli hills and Kerala ; R. densifinra Benth. ex Hook. f. 
syn. R. decitrva Hook. f. (Assam — Dlen^-la-t\rkin^, 
dinjrsuli-hnhlenfr, dian^-la-t\rkai, diengdar-kei) is a 
large shrub 3-/) m. (occasionally cj m.) high, with 
ohovare or f)hlanceolate leaves, rose-red or white 
Mowers, obli(juely ellipsoid, brownish or purple drupes 
and rugose, compressed pyrenes pointed at the tip, 
found in the Himalayas, Kliasi and Aka lulls, aiul the 
western and the eastern ghats : R. mlcrantha Hook. f. 
(Malaiur R.\i’V01,ki.\) is a slender shrub with elliptic- 
lanceolate or ohlanceolate leaves, white flowers, 
ol)li([uely ovale drupes and slightly rugose pyrenes 
slightly compressed in the upper half, found in Kerala 
up to an altitude of 300 m. (Sulochaiia, /, Indian hot. 
Soe.. 1959, 38, 575 : Youngken, /. /Inter. pJiarm. /Is5., 
sci. Edn. 1954, 43, 141 : Trease ^ Kvans, Pliann. /„ 
1954, 172, 351 : Atal & Schwarting, Anicr. J. Pliann., 
1956, 128, 365 : Woodson et al., 42, 45, 4S). 

The roots of R. hcddoniei contain ajamalicine, 
sarpagine and serpentine, hut no reserpine. Samples 
of the roots of R. densi flora collected in the vicinity 
of Mahahaleshwar (Maliarashtra) yielded 0.51 per 
cent of rmal alkaloids (resi r|)ine, o.oi'V,). In addition 
to alkaloids, the isjilation of a base, deiisillorine 
(m.p. 71-73'), has been reported. Tn the roots of 
R. micrantha, in addition to reserpine, six other 
alkaloids have been ideniilied. 'The alkaloids present 
in the roots of the above mentioned species are listed 
in Table 7 (Bose et al., J. Indian clieni. 5 oc., 1956. 33, 
379 : Rajagopalan, /. sei. industr. Res.. 1954. I3B, 77 : 
Purohit lY Majumdar, J. Instn Chew. India. 1963, 
35, 131 : Rao cY Rao, Indian J. Pharni.. 1936, 18, 
202). 

RAVENALA Adans. (Miisaceae) 

A genus of two species of tree-like herbs, native of 
Malagasy and S. /\merica. One species is ctdtivated 
in India as an ornamental. 


R. madagascariensis Somi. Tkavkllkrs' 1’\iai 

FI. Br. Ind., VI, 198 ; Benthall, 427, Fig. 

Bkno. — Paniliopadnp. 

A striking, elegant, pahn-like tree with a fan- 
shaped crown, native of Malagasy and found culti- 
vated in Indian gardens. Pseudostem woody, reaching 
up to 30 m. in height, though in India it grows to 
only 6-12 m. Leaves distichous, large, 2-3 m. long, 
and 1. 0-1.5 broad, spreading out fan-wise ; flowers 
in compact clusters, ea( h flower enclosed in a bract : 
fruit a capsule : seeds surrounded by a mass of bright 
blue or purple arils. 

The plant thrives in low. warm and humid areas 
up to 450 m. near the coast and grows best in a 
sheltered position. It can hi* propagated either by 
suckers or seeds (Copalaswamiengar, 246). 

In Malagasy the wood of the trunk is used for house 
construction. Sugar is extracted from the sap. [.eaves 
are useful as packing material and for roofing. The 
mirlrihs and stalks are used for hut walls (Burkill, IT, 
itS86: Uphof, 307 : Neal, 204; FI. Fgypt, Ifh 525). 

Rain-water collected at the base of the leaf blades 
is said to he used for drinking, although it is often 
rendered unil linkable by infestation with mos(|uito 
larvae, etc. (h'irminger, 343 ; Copalaswamiengar, 246). 

'rhe mealy seeds are edible. T he bright bluish arils 
enclosing the seeds are tasieless and yield (57.i'V.) a 
semi-solid, almost colourless fat having the following 
characteristics: m.j). 35-40", acid val.. 15.8 : iod. val., 
61.2 : and sap. val.. 185.6. The fat is used for cooking ; 
it is also reported to he antiseptic (FI. Egypt, HI. 525 ; 
Neal, 204: Chew. Ahstr.. 1948. 42, 42 vS : Burkill, If, 
1887). 

Realgar — see Arsenic Ores 
Red Bark — see Cinchona 

Red Cedar — see Cedrela. Erythroxylum, Juniperus 

Red Dhup — see Parishia 

Red Pear, Indian — see Protium 

Red Wood — see Adenanthera 

Red Wood, Andaman — see Pterocarpus 

Red Wood, Indian — see Soymida 

Reed, Common see Phragmites 

Reed, Great — see Arundo 

Reed, Mace — see Typha 
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REICHARDIA 


REICHARDIA Roth (ComposiUic) 

Kl. Br. Ind., HI, 413. 

A small genus of pcminial or glabrous milky herbs 
distributed in western Asia, Europe and North 
Africa. One s|)ecics, R, tingitaua (Linn.) Roth syn. 
Picridiinn tingilanum Desf., is found in Punjab and 
West Bengal. It is a small annual with stout stems, 
said to he relished by all slock in Sudan (Tothill, 
685). 

REIDIA Wight {Euplwrhiaceac) 

FI. Br. Ind., V, 302. 

A large genus of shrubs, extending from South 
India and Ceylon to Malaysia and the Philippines. 
About 12 species occur in India. 

This genus is considered as a synonym of 
Eriococcus Hassk., which has been reduced to a 
subgeneric status and included under the genus 
Phyllanthus Linn. (Webster. /. Antnld Arbor., 1957, 

359 )- 

R. ovtdi folia Wight syn. R. longi flora Gamble ; 
Phyllanthus longi flams lleyne ex Hook. f. (Tam. — 
Nallapulatli ; Mal. Malenkizhanclli) is a small bush 
with obliquely obovate-ohlong leaves, pink Bowers, 
and small capsular fruits (0.4 cm. long), distributed 
in the hills of Kerala and Tirunclveli up to an 
altitude of c. 600 m. The fruits are reported to be 
pickled (Rama Rao, 357). 

Reindeer Moss — see Lichens 

REINWARDTIA Dum. (Linaceae) 

D.E.P.. VI(i), 427; FI. Br. Ind., I, 411 ; Kirt. & 
Basil, PI. 164B. 

A small genus of tinder.shruhs distributed in India 
and China. One species is found in India. 

*R. indica Dum. syn. R. tetragyna Planch. : R. 
trigyna (Roxh.) Planch. { llisDi - Basanthi : Punjab 
Karkun, gud hatal, hasant ; Ki^maun- -R/ mi// ; 
Bo.mbay — Ahai ; Munoaki — CMura sokoe, seta 

chakonda ; Khasi— Syntetedang-ksir, tin-zva-lci) is a 
tufted, glabrous undershrub. 60-120 cm. high, with 
elliptic-lanceolate or ohlanceolate leaves, yellow 
flowers and globose capsules found in the Himalayas 
from Kashmir to Sikkim, up to 2,100 m., and in the 
upper Gangetic plain, Bihar, Orissa, Assam, western 
ghats, Deccan and Mt. Abu. 

♦Some authors consider R. trifryna Planch, and R. tetraf^yna 
Planc:h. as varieties of one and the same sjHxies with manv sexual 
foriiw, while others consider them distinct (Ft. Br. Ind., I, 411 ; 
FI. Mfidras, 126; Hara, 168). 


The plant is commonly grown in gardens for its 
showy bright yellow flowers ; it can also be used as a 
border plant. It is propagated by division of roots in 
October. The plant is closely allied to TAmim and has 
been found to be resistant to all five races of rust in 
India (Firminger, 599 ; Rao, Indian For., 1958, 84 , 
270 : Annu. set. Rep. Indian agric. Res. Inst., 1956, 90). 

The plant is u.sed in Bihar for the treatment of 
paralysis. It is used as a medicine for founder in 
cattle. The crushed leaves and stems are applied to 
wounds infested with maggots (Bressers. 22 ; Kirt. & 
Basil, I, 41 1). 

REISSANTIA I lalle [Celastraceae ; Hippocrateaceae)^ 

A small genus of lianas or sometimes shrubs, rarely 
small trees, distributed in the tropics of the Old 
World. Two or three species occur in India. 

R. indica Halle syn. Hippocratea ifidica Willd. : 
Pristiniera indica A. C. Smith 

in. Br. Ind., I. 624 : FI. Male.siana. Ser. I, 6(3), 401 ; 
Talbot, I. Fig. 169. 

Bexi;. — Atari-lata, kathapaharia ; Mak. Kazurati, 
tirruli ; Tel. — Verriyaapa : Tam. -Odangod ; Kax. — 
Kangunahally. 

CACMAH-SihraHa-dam ; 'NvA>AL—Phirke4cra. 

A liana or sometimes a shrub or a small tree, 
commonly found in the hotter parts of North-East 
India and peninsular India. Leaves variable in size 
and shape : flowers fragrant, very small, rusty yellow 
or greenish yellow, in a.xillary and terminal compound 
cymes ; fruits oblong : seeds winged. 

The sap of the stem is taken as a febrifuge. The 
leaves contain an alkaloid ; they are scorched, 
seasoned and given to women during confinement. 
The root hark is used for the treatment of respira- 
tory troubles ; an extract of it is givi*n to ease 
constipation. The [towdered roots and leaves are 
sometimes applied to .sores and wounds |FI. Malesiana, 
Ser. I, 6(3), 402 ; Bhatnagar & Divekar, /. sci. industr. 
Res., 1951, lOB, 56; Wehmer, IT, 72^ : Irvine, 1961, 
4541 - 

The r(K)ts omtain duleitol (yield, >r;.'i). The 
root hark contains an antibiotic principle, prist i- 
merin (o.r;', ; C,„ 11 ,„ 0 ,, m.p. 219-20"). It is con- 
centrated mostly in the phellum and to a lesser 
extent in the inner red bark. Pristimerin shows con- 
siderable in vitro activity against .several (xram- 

* According to Ding Hou, overwhelming evidence is in f;ivour 
of accepting CeUtstraceae over Uippocrutvocetie (Ft. Malesiana 
Ser. I, 6(4), 2.30, 389]. 
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I Ki. M2-RFsISSANTIA INDICA— rLOWHRING BRANCH AND FRUITS 


positive cocci, l)olh hiicmolytic and non-hacmolytic, 
particularly against Slrcptocnccus viridans, the causal 
organism of tonsillitis and si reptoccKcal arthritis, and 
S. far calis, which is known to cause urinary complica- 
tions. C'linical trials have shown that pristimerin is 
effective in the treatment of inflammatory condiiions 
of the naso-pharyngeal mucosa, resulting from 
c(»mmon colds and inlhieiizal infections. It is useful 
as an adjunct to the common antibiotic therapy of 
res|)iralory inflammations of hoih bacterial and viral 
origin. Pristimerin also inhibits in vitro the growth 
of diflerent strains of Afycnhnctrrinni Inherculosis, 
and is reported to possess anti-tumour properties, hut 
its high toxicity prechules its use as a cancero-stalic 
agent (Bhatnagar &: Divekar, /. sci. indnstr. Res., 1951, 
IOB9 56 : Kamal cl (d., ibid., 1955, * » Chopra & 

( 1 io|)ra, ibid.. 1959, I8C, S5 ; Bhatnagar rt al,^ Indian 
Pat., No. 4(^968 ^0970, 1949 : Dictionary of Organic 
C.om})ounds, 1 . 575- 76 : Nakanisbi cl al, J. or^. Chew., 
1965, 30, 1729). 

R. ^rahawii (Wiglit) Ding lion syn. Hippocralca 
Ifralwmii Wight ; Prisliwera irndinmii A. C’l. Smith 
(Mar. Dansliir, danshir, lohandi, yesti, zriVati) is a 
climbing shrub, with very variable leaves, white 
flowers in axillary cymes, linear-oblong fruits and 
ovoid-oblong winged seeds, mostly found in Konkan 
and North Kanara ; it also occurs in the Deccan 
plateau and in the South Andamans. The roots 
contain about twice the amount of pristimerin as in 

R. indica and show similar antibiotic properties. The 
seeds arc reported edible (Information from Col. 

S. S. Bhatnagar : Hedrick, 505). 


Rejoua — see Ervatamia 

REMIREA Alibi, {Cypcrnccac) 

M. Br. hid., Vr, 677. 

A monofypic genus of sedges rcjircsented by 
Rcwirca maritima Aiibl., found growing throughout 
the tropics. In India, it is found growing on the 
coastal sandy regions almost within tidal limits in 
west coast, in North and South Kanara and Malabar 
districts. The rhizomes sometimes grow several 
metres k)ng, rooting at the nodes and producing erect 
stems up to 15 cm. high. 'Phe leaves are rigid, linear, 
2.7 7.5 cm. long and pungent. 

'fhe plant is reported to he an effective sand binder. 
The root is aromatic and an infusion of it is said to 
l)e used in Brazil and Guiana as a sudorific and 
diuretic. The rhizome is astringent and diuretic 
(Dalziel, 519: Burkill, II, 1888; Chopra, Nayar & 
Chopra. 21 1 ; Cains. J. Bombay oat. Hist. Soc., *935“ 
36, 15 , 53). 

REMUSATIA Scliott (Araccae) 

A small genus of lierbs. native of India and Java 
and distributed in the tropics of Asia and Africa. 
Two species occur in India. 

R. vivipara Scliott 
FI. Br. hid.. VI. 521. 

Mar. Rukhalu. 

A tuberous herb, sometimes epiphytic, found 
nearly througluiut India in the suh-tropica! Himalayas 
at 6 (k>-9(ki m. altitude, from Kumaun to Sikkim, in 
the Khasi hills, Bihar, Maharashtra, Mysore, and the 
western ghats. Tubers 2.5 5.75 cm. in diam. ; shoots 
*5 3^’ long, simple or shortly branched, bear- 
ing at the nodes clusters of oblong scaly bulbils ; 
leaves peltate, large. 10 to 45 cm. diam., membran- 
ous, orbicular-ovate, acute or acuminate ; spathe 
1 0.0 12.5 cm. long, coriaceous: spadix 2.5-3.75 

"J’lie leaves are used as legetable. The tubers are 
edible, but reipiire careful boiling to rid them of 
irritating crystals. The aromatic root, made into an 
oiniiiient with turmeric, is u.sed as a remedy for itch. 
The juice is considered alexipharmic (Saniapaii. Rcc. 
hot. Surv. India, 1953, 16, 332 : Chopr.t, Nayar & 
Chopra, 21 1 : Kirt. Basil, IV, 2612). 

Rennet, Cheese — sec Galium 
Rennet, Indian — see Withania 
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RESEDA I Jnn. (Rcscdaccac) 

A ^cniis of annual or |Krcnnial herbs distributed 
in the Mediterranean region, Kast Africa and West 
Asia. 'Fwo species are introduced into India and 
grown in gardens. 

R. luteola Linn. 1 )yi:k\s R(x:KKr, Weld 

D.E.P., VJ(i), 436; FI. Ik. Jnd., J, 181 Butcher, 

^ 74^'- 

A biennial glabrous herb, 50-150 cm. high, 
indigenous to western Europe and grown in gardens 
ill India, but also found as an escape from cultiva- 
tion. Rosette leaves narrowly oblanceolate. sessile, 
stem leaves narrowly oblong : flowers yellowish green, 
in terminal spike-like racemes ; capsules ovoid to sul> 
globular, divided nearly half-way into 3 acuminate 
lobes. 

The plant was formerly grown as a source of an 
excellent deep yellow dye used for colouring silk and 
wool. Luteolin is the main colouring principle and is 
accompanied by apigenin. It is distributed in all parts 
of the plant, but the maximum concentration occurs 
in the upper extremity and the seeds. A luteolin 
glucoside named luteoloside has been isolated from 
the fresh blossoms and other parts of the plant. It 
has a low toxicity and a mild influence on capillary 
resistance and possesses diuretic properties jHill, 130; 
Krishna & Badbwar, /. sci, industr. Res,, 1947, 6(3), 
suppl., 36; Perkin & Everest, 153 ; Chau, Ahstr,, 
1956, 50 , 2925 ; 1962, 56 , 13251]. 

'Die leaf, stem, root and seed contain a mustard oil. 
A recent examination has shown the presence of an 
/iothiocyanate glucoside, glucobarharin, in the leaf, 
inflorescence and seed. On en/ymic hydrolysis, the 
glucoside yields (/)-5-phenyl-2-oxa7.olidine thione. The 
seeds yield 30 per cent of a fatty oil. D-(3-Carboxy-4- 
hydroxyphenyl)-glycine, DL-(3-carboxyphenyl)-glyc.ine, 
L-(3-carboxyphenyl)-alaninc, and L-(3-carboxy-4- 
hydroxyphenyl)-alanine have been isolated from the 
seed extract (Kjaer & Gmelin, Acta chan, scamL, 
1958, 12, 1693 ; Kjaer & liiirsen, ihki.. 1963, 17 , 2397 ; 
Wehmer, I, 417). 

All parts of the plant arc considered diuretic, 
diaphoretic and anthelmintic. In New South Wales, 
it is reported to he poisonous to sheep (Webb, Btdl, 
Couu, sci, iudusir. Res, Aust., No. 232. 1948. 138). 

R. odorata Linn. Mi(;NONEi'rE 

D.E.P., Vl(i), 436 ; FI. Br. Ind., 1 , 181 ; Krishna & 
Badbwar, /. sci, industr, Rcs„ 1947, 6(3), suppl., 36, 
iMg. 9. 

An annual, 15--60 cm. high, indigenous to North 


Africa an<l cultivated in gardens in India. leaves 
spathulate or oblanceolate to elliptic-oblong ; flowers 
very fragrant, varying from yellowish white to orange 
ancl red in cultivation, in spicate racemes; capsules 
obovatc-glohose, torulose. 

Mignonette is grown for its fragrant flowers pro- 
duced during the cold season. It is excellent for ])Ots, 
beds and cutllowers and for growing near windows 
and in shrubbery. It has been greatly modified under 
domestication, and several varieties have been raised, 
the most important of which is the compact, strong- 
growing, red-flowered Machet, much grown in pots 
in Europe. It grows in almost any soil, but prefers a 
rich, fertile, clean .soil, with plenty of sun and irriga- 
tion. it is propagated by seeds. The flowers attract 
bees when in full bloom | Bailey, 1947, Ilf. 2918; If, 
2049-50 ; Krishna & Badbwar, /. sci, iudusir. Res,, 
1947, 6(3). suppl., 36; Vishnu Swamp, 116; Howes, 
1945. 16S ; Bakshi, /. Bombay uat. Hist, Soc., 1954 55, 
S 2 i 490J. 

The flowers are the source of an essential oil. 
Mignonette Oil, which on dilution exhibits the 
characteristic sweet odour of fresh blossoms. Because 
of the very low yield obtained by steam distillation, 
the flowers are extracted with petroleum ether 
whereby concretes and absolutes are obtained. Steam 
distillation t)f the absolute gives an essential oil 
(yield, o.(K) 3';’... based on the flowers) having a yellow 
colour and an intense mignonette odour. 'I’lic oil 
congeals in the cold and has the following charac- 
teristics: sp. gr.' ‘‘, 0.961; f-31.3" ; acid val., 

16. 1 : and ester val., 85. Eugenol, phenol, paraltins, 
free caprylic acid, higher fatty acirls and acetic acid 
esters have been detected in an oil derived by cy-dist il- 
lation of mignonette concrete with dicthyleiie glycol. 
Mignonette oil has been used in high grade perfumes 
of the* French type (Ciuenther, V, 401 ; Naves & 
Mazuyer, 217 : Rel), esseut. Oils Schimmel, 1947- 
4 «. 38)- 

The fresh roots yield 0.035 essential 

oil (.sp. gr.*'’', 1.067 ' h*'i, » + ^-5") po.ssessing a radish- 
like odour, and consisting largely of /J-phenylcthyl 
/.sothiocyanate. The seeds (oiitain 40 per cent of a 
fatty oil and a small amount of methyl /A'oihiocya- 
nate (Finnemore, 345 ; Kjaer et ai, Acta chan, 
seand,, 1953, 7 , 1276). 

The herb is rej)orted to allay irritation and ease 
pains. Tbe root of the plant is acrid and is used in 
Spain as a laxative, diaphoretic and diuretic. The 
.seeds are applied externally as a re.soIvenr (Steinmetz, 
II, 378 ; Kirt. & Basil, I, 203). 
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Cholakalia (Kajasthani 161 

Chotaluma (Hindi) 220 

Chota Inuiya (Hen);;.) . . 220 

Chotiniachhachhie (I’tiar 

Pradesh) 201 

Chouulayi (Hindi) .. 220 

C7irysoi'r.\sk 336. 33S, 342 

Chua (\epal) .. 14 

Chaari (Hindi) .. 256 

Chat hi (I’unjab) . . 202 

('hnii (Punjab) .. 256 

Chtintirika (Sans.) . . 377 

Chavamtakizha nrHi (Mai.) . . 36 

Churanna muflcla oiakku (Mai.) 107 

Chtrcatuutvilptni (.Mai.) 377 

CiNgi'Kroii.s 222 

Cithiramalam (Pam.) 162. 163 

C7rK.\.M;hgrvis 2<‘6 

('irR\\ca:s 206 

C7TRINK .336, 341 

('U’fOi-soooi-Lrcfoi (Pepelia) 100 

Ddi.Loi'iiAXK 20, 30 

Oil .01*1 lUNY 6.S 

Copiu (Kan.) 311 

('di'romtk 20 

(7>r.\i.i.i.n\, Will I K 216 

C^nri.iMs 257 

l7jrn)\\V(K>i).s 211 

('rxiis, Hi.\ss 232 

C7«i\vRK»r 364 

I’Kl.KUY I.K.WKII .164 

W VTKK 366 

(^IHKItS 04 

rAi.si: 05 

D 

Da (Alula Ilia ns) 300 

Dathiin (Cluj.) 317 

Dafiil (Bnmbay) 5 

Daiyal (Tam.) 1 58 

Daka (Mar.) 267 

Data ft phul (Beiijj^.) 164 

Dalifu (Uen^.) 317 

Dalimha (Mar. ^ Kan.) 317 


Damhn (I’lmjab) 

32 

Dandarii't (Punjab) 

40 

Dandra sea (.Sanlal) 

230 

Datiitiima ('Pel.) 

317 

Datishir (.\lar.) 

303 

Darijiummadi ('Pel.) 

316 

Dai lifiki pitta (.Miindari) 

377 

Ihiiii yam fori ha (Bihar) 

1 

Dasttmula 

240 

Datk 

20 

Dvvkki 

21 

Diaa.i-.r Nook 

21 22. 23 

llll.I.WM 

2 ) 

Kiivouvvm 

21 

Svykk 

21 

'I'llonio 

.^1 

'/Aiiini 

21 

Dmk Palm 

17. 18 

Dwakk 

24 

Hill 

24 

Wn n 

25 

D\ir. SriiXK P\i m 

25 

Datdi (Beiii^.) 

230 

Dattshir (.Mar.) 

303 

Dt'hdari (Hindi) 

187 

Dthdaru (Beii)'. &: Oriva) 

187 

Dvhosiimlii (Orixa) 

143 

Dvkhani hahitl (BeiiK.) 

140 

Ih‘o (Punjab) 

200 

Di'ia i^anii(ilr (Kan.) 

164 

ihvsan (Oriya) 

143 

Dhadhan (Delhi! 

34 

Dhaktasheral (.Mar.) 

105 

Dhaidionc thin^ri (BeiiK.) 

220 

Dtian mori (Mar.) 

**.38 

Dhatila (Hindi) 

243 

Dtiola lizrn (Kaj.'isthan) 

317 

Dhola It ja (Claehar) 

239 

Dholphali (Delhi) 

180 

lyiiorht'ida (Mar.) 

302 

Dhndia pathar (Hindi) 

342 

Dian^ la tyrkai (Assam) 

.301 

DivioMAi-.Lors Kxrtii 

336 330 

Dii'n}^-t ha-la :ca n ■ sy n ra n.i' 


(Khasi) 

281 

Dinti^-duma (Kliasi) 

143 

Dirn}(-ioni^ hlfi (Khasi) 

363 

Dicn^r ja-kxba (Khasi) 

100 

Dinii^-ialoni;^ (Assam 1 

17 

Dit u\f-ia mi (Khasi) 

188 

Dirnir khlan;^ (Khasi) 

48 

Dini}r khoni^-suct (Khasi) 

300 

Dirni^-kxsi (Khasi) 

66 

/)ie;/» lah-maruai (Khasi) 

240 

Dirm^-lar-kri (Assam) 

301 

Dicnir lar svi (Khasi) 

188 

Dieni^-la-txrkini^ (As.sam^ 

.301 

Dicnif-lih (Khasi) 

239 

l^inii'-makasin^ khla.\ (Khasi) 

.160 

DifH^mnlo-\hi-in_i> (Khasi) 

143 

Dit ai^-iior sha (Khasi) 

311 

/)ie»i.{f prn-\:\an;^ (Khasi) 

311 

phorri (Khasi) 

241 

/)/en.s,' sit! bU i (Khasi) 

160 

Dit'ii;^ siit-knrir (Khasi) 

244 

Dienj;^ sia sidi-khar (Khasi) 

243 

Dit'n^-si-ini^ (Khasi) 

143 

snam-dieai^-iim (Khasi) . 

225 

Dirn^^-soh-ioiii' krem (.Assam) . 

264 

Dini^-soh-ja-huid (Khasi) 

14 

Dien^ soh-kajut (Khasi) 

14 

Dicnii-snh-lakhai shree (Khasi) 

364 

Divni^ soh lakor (Khasi) 

312 

Dien^-soh-mir (Khasi) 

240 

/)iV»i.i[-.No/i sataii^-hi (Assam) 

281 

Dicn^-soh-txnka (Khasi) 

190 

/ vo-fc/o/i 4 j (K hasi) 

327 


III 



Divn^ lharo-masi (Kh.isi) . . 309 

Dicui^ ihrr (Kliasi) IS9 

DifHf' toh tati (Kliasi) 244 

Dicni'-tyrkhim (Khasi) .. 22.S 

I)ii‘n^-tyrkhiin (Khasi) .. 282 

Divn^-yap-xar (Khasi) .. 142 

ni’f^hi hffiiia (Santal) ISS 

(Piinjah) . . 32 

I)in^im (Khasi) . . 349 

niuirrittiiiuir (Assam) . . 346 

Din}f-sv (Khasi) (>6 

t)inji>snin^ (Khasi) . . 353 

niti^ soh buhlvn^ (Assam) 39 1 

/)//i kii lunt (Delhi) . . 324 

l)(K;\VrN»Il, fVMAUA .. IIS 

pnh hilht (Kiimaun) . . 7S 

sitppii (Kan.) .. 219 

Diirm.vs Fih, Grk.fn .. 2S4 

Prttp (Kashmir) 195 

Pubia Ai/;^ (Hen;;.) 2<H 

Di'f K\vi:i-:i), Troimcai 124 

Pmllti (Piinjah) . . 26S 

Pun;^ /j/znif (l.e|K-ha) 169 

PnrjHi Utudar (I’ltar Pradesh) 194 

Dykr’s Kck ko' . . .>94 


tlduti^knrmi (Mai.) . . 3.s9 

F.tldu (Tel.) 225 

Eddii-mutit* dtiwpn ('lei.) . . 225 

Kcirifridfi (Kan.) 240 

F.vnlba (Alai.) . . 2.5 

Ki. KIM I ant’s PfKiri .. 221 

FAlnt (C’.aru) . . 14 

F.mhudi (Tel.) .. 119 

Kmktic Nr r, Oimnkin . . 360 

F.rrat'hitramulani ('Pel.) .. 162 

Erra nririka ('Pel.) . . 36 

Erutnaitnunnai (’Pam.) . . 239 

Esbop}>ol (Heng.) IIS 

Ettaj'uttUativvtt (Tel.) . . 357 

Ktldjama ('Pel.) . . 2S6 

Ki xkxitk . . 375 

Ezha-champakani (Mai.) 164 


Far (Liishai) 66 

Farsh (N.W. Himalayas) 214 

Fknnki., W.vi kr . . 366 

FKRcr.sfiMTK . . 375 

Fctrasidiiim (Kashmir) 226 

Flax, Nkw Zi:\i.ANn . . 29 

Fi.KASr.in .. 1.53 

Fi.ini- . . 3.15, 339 

Fi.()1'r-ai»atitk . . 29 

Eras (Kashmir) 211 

Frash bran (Hindi) S 

Frast (N.W. IPimalayas) 214 

Frk.nt ii Hkan 9 

Hi..u:k Princk . . 9 

Hroaii Poij Kiiinky . . 9 

CwADIAN . . 9 

Cdntkndkr . . 9 

Dwarf Alokrian . . 9 

Dwarf Di tch . . 9 

Dwarf Yia.i.nw . . 9 

Giant Sikinci.k.ss (;ri:kn Pou 9 

Kknti’Cky Wonukr . . 9 

Mont d’Or . . 9 

Nkw Got-oen Wax . . 9 

No. 4 Oi'KN . . 9 

No. 34-A . . 9 

Pencil Pod (No. 58) . . 9 

Pl.KNTIFrL . . 9 


Princks.s KI'NNER 

9 

VN'hitf. Pre:dank 

9 

Wiirn-: Sxvord 

9 


Gaaniifra (Pel.) 


206 

(iaciiha (Heiig.) 


116 

Giidiinin ('Pel^ 


218 

Gadarjhipalo (Gii|.) 


.123 

Gtidhaiii (Garhwal) 


282 

( Aimii.intie 


375 

Gaebbii nelli ('Pel.) 


240 

( itiii' h It rti (Santa 1 ) 

190, 

192 

Giiji'cr mill (Hetig.) 


160 

(mj pipal (Hindi) 

(^XLI..S 


117 

Acorn 


352 

Ai.hri //o 


.149 

Ai.iaM'o 

151, 

352 

Hxsrx 


.152 

H.x.ssoraii 


352 

Hokhara 


12.1 

Homhxy 


.152 

Indian 


352 

IlAl.lXN 


.149 

Knopper.s 


352 

1 .EVAXT 


351 

Meccx 


.151 

S.MYRN.X 


.351 

Syrixn 


.151 

■PlRKEY 


.151 

Gdimorre (Heng.) 


267 

( iamb hart skhal (C lam) 


241 

Gambollhaprap (Gam) 


241 

Gandhi ^mh (Assam) 


267 

Gandn bharani^i (Tel.) 


2.19 

( hi n^a-parilikii ra ('Pel . ) 


219 

Gani^eda (Guj.) 


363 

Gaiihila (Punjab) 


2.19 

Ganiari (Heng.) 


240 

Ganioli (Assam) 


240 

Gapsitndi (.Mar.) 


143 

Garaara (Miindari) 


196 

Gara c tetri (Miindari) 


326 

Garandn (Himachal Pradesh) 


243 

Gara sohoe (Mtmdari) 


.392 

Garf^ira (Punjab) 


282 

Gariya (Mar.) 


216 

Garshiima (Hindi) 


144 

Gar-siliii' (Hindi) 


144 

Gaiiri (Kan.) 


186 

Griuh n (A.ssain) 


240 

Gtn}^di (Guj.) 


363 

Griiti (Oiidli) 


IIS 

Gentian, Indian 


49 

Gem (Hindi) 


50 

Ghara (Kuinaiin) 

360, 

.364 

Ghela (Mar.) 


360 

Ghesi (Nepal) 


.354 

Ghima (Heng.) 


189 

Ghoda iccrii (Guj.) 


148 

GhnI (Guj.) 


219 

Ghora chiui^ri (Heiig.) 


230 

Ghorbel (Mar.) 


316 

Ghnsha chirif'ri (Hcng.) 


2.11 

Ghuzbe (Punjab) 


147 

Gian (Punjab) 


239 

GifU (Punjab) 


.317 

Gihts (Kiiinaun & Punjab) 

262, 

266 

Ginvri (Nepal) 

239, 

240 

Girin^a (Oriya) 

310, 

.111 

Goaarhhi (Heng.) 


286 

Gnanka (Tel.) 


363 

Gnbra-hhndia (Assam) 


241 

Goda chill fin ' (Heng.) 


231 

Gnddii-pai'ili kiira ('lei.) 


220 


Cohara (IkMi;;.) .. 2.39 

(iohnra (A.ssain & HenK-) .. 239, 241 

Poht (Giij.) .. 151 

(iolahichi (Hindi) .. 164 

(iolda vbhii'ri (Rcng.) .. 231 

(ioi.nsToNE .. 342 

Go/i (Giij.) .. 151 

(iol matar (Hindi) .. 125 

ilolmnrivh (Hindi & HcnR.) . . 99 

iininchi (Oriva) .. 164 

Utwit'd (Hindi) 342 

(•onii'dak (Hindi) .. 342 

(aaidala (Mar.) .. 124 

( Bonder i (A.ssain) . . 2.39 

(londhnna (<3riva) . . 2.39 

Gondri poolu ('Pel.) 183 

(ioniii snppu (Kan.) . . 220 

(^fMISKHKRKY, C^XFK . . .38 

Gorur champa (Heiig.) . . 164 

Coyya (Tel.) .. 286 

(>R.\MIM'S .. 217 

(jUVlMIlTK 51 

(;ra.s.siioimmvk 'Prek .. 140 

Grvvki. .. 335 

ChcKKN F.ARrii .. 51, 52 

Giava 

Gvitley .. 285 

('OMMI)N . . 286 

Gi’i.nea .. 293 

Strawherry . . 285 

YKI.I.OW .Strawherry . . 285 

Gr.w.v, Common . . 286 

Ai.laiiahao Sai kda 286, 287, 290, 291 
Am-soimiri .. 286 

Anakvfvi.i.i .. 286 

Aimm.e 1 oi.oi'r . . 286, 287 

Hanarasi . . 286 

H\N(;.\loke . . 286 

Harm PORE . . 286 

Giuttidxr 286, 287, 291 

Djiarwar 286 

Diioi.kx 286 

ITaf.si (Kku-fi.kshei>) . . 286, 287 

Hvrijha .. 286,287 

Karela . . 287 

Kotiiri'I) . . 286 

l.rcKNow-24 .. 286 

I. rc know-26 .. 286 

la c:know-46 .. 286 

Ia’cKNow-49 .. 286, 287 

MAOiirRi-AM . . 286 

Mir/ AIM -R i . . 286, 287 

N.v(;im r .Seeolk.s.s . . ‘ 286 

Nx.sik SKKni.E.s.s 286 

Pear siixpEo .. 286 

SVIRl (l*.XYKRX) 286 

Sxil.XRAMM'R Seeoi.k.ss .. 286 

Seedless . . 286, 287 

Sindh . . 286 

Sm(m>th Green . . 286 

S.\nK)TH WiiriE .. 286 

SOII-PRYIXM .. 286 

Gnd hatal (Piinjali) 392 

Guddc hannii (Kan.) . . 38, 39 

GnI (Kashmir ^ Punjab) 147 

Gntanchi (A.ssain) .. 164 

Gttlanj haha (Santal) 164 

Gnhhcri (Hindi) .. 184 

Gtilshrddjo (Hindi) 184 

Giwiadif'ida (Kan.) 316 

( II ni ben fan}' (Kastern 

Hinialavas) . . 138 

Giinach (A.ssain) . . !(>*♦ 

Giniamafa (A.s.sam) . . 249 

Giinarh (As.sani) . . 2.19 

(lunohvr (N.W. Himalayas) 

Gi'm*oxvder Plant . . 


IV 



(imtsi (Nepal) .. 169 

C;rK 

Pai.m . . 1 7, 27 

T.\n 17 

'I’ak 17 

(•uriiula (lliiuadiul Pradesh) .. 24.^ 

(Utrol (Assam) . . .^>(1 

(iHtf'otya (Ik'iig.) . . 249 

liiitti (Tel.) IS6 

Cnyhcli (Nepal) .. 2.39, 241 

Oyi'ni'm . . 52 

H 

I lahhc {Kan.) IS6 

Habida iha (Assam) .. 1S9 

Hdh (Punjab) 4S 

Hdidimati (Hindi) . . 50 

litddmi (Delhi) .. 517 

Halihachchrli (Kan.) . . 220 

llali dftjjiii (Kan.) . . 220 

H(dis (Himli) 169 

Hamrtt ((hi).) . . 247 

Ihiiinu mtinic (Kan.) . . 249 

Hapushtf (Sans.) . . 99 

IIakd-Siiif.i.I) Fi;kn 204 

Hdri (Pun j.ah) . . 256 

Harkaya (Mar.) . . 577 

7/r//7i’i (Mar.) .. 577 

Hali-tudiustt (Oriya) 119 

ilathitinsn (Oriya) .. 119 

llathi dnikiya (Lakhiinpiir) . . 224 

llaihifmila ( IVade) . . 509 

Hatipvtda (Assam) . . .309 

ItallifHiila (Nepal) . . 509 

Haulia (Hindi) 17 

1 1 VrsMANNlTK . . 52 

Htizar maui (Himli & Bcii);.) . . .36 

Hkijotkoim'. . . 556, 558 

lli-'.M.erirK, MK:.\<.i:ors .. 51,52 

llliMI', NkW /KAI.A.M1 29 

tlcn'^kasmur (Miiiidari) .. 145 

Ucsstnv (Kan.) .. 187 

llihn (Assam) .. 219 

Hill (Kashmir) . . .366 

Himsi mire (Mar.) . . 94 

Hintfilamu ('Pel.) . . 24 

(Kan.) . . 96 

HiradMum (On j.) . . 502 

Hirmji (Hindi) .^0 

///W (BeiiK. A: Oriya) 24 

Ihuithitd (l.iishai) .34 

Uuduni^ (Ladakh) 214 

Hidirn- tntijan (As.sam) .. .365 

//o//j[(e (Kan.) . . 206 

I Inline (Kan.) . . .305, 505 

linnye L hin}>ri (Benjj;.) . . 2.30 

I loom (Mar.) 186 

linni chain (Mundari) . . 2.39 

llntiiii}* (Ladakh) 214 

Ureiraicl (Lnshai) 188 

Uuh (Cachar) .. 219 

Htdiichala (Kan.) . . 25 

lltdi4f>ilu (Kan.) . . .35 

Hundi ba (Afiindari) 215 

lltinraj (Hindi) 195 

ntiriiif^ (Mundari) . . 577 

Hy.u.iik .. .345 


lehaln (Kan.) 2.i 

Icham (’Pam.) 25 

Ije (Kan.) ^ 240 

llenf^aramallif^ai (Tam.) 557 

Il.MKMTE 51 

Imbri (Punjab) 548 


liiai (Jaimsar) 549 

liiji (Pam.) 24 

Iran^nnnialli ('Pam.) .357 

hi (Kashmir) .349 

hri (Punjab) .349 

huknili ( Pam.) 525 

lsiibi>hul (Pers.) 148 

Isabf^ola (Mar.) 148 

Isaln^ider bhtisi (Benj;.) 150 

lsaJ}>hol (Ka.shmir Ik Punjab) 146, 147 
hajt^nl (Punjab) 147 

Isaff^nlu (Kan.) 148 

IsAKcri. 150 

Isapi^hnl ((iiij.) 148 

Isaknola lit mil ('Pel.) 148 

hknlvirai ('Pam.) 1 48 

Isiv\(airi.A 148, J.SO 

l.si*A(:iirLAK 'J'ks'ia I.SO 

lsabj;>nl (Hindi) 148 

Isnbf^nl-ki bhusi (Hindi) 1.30 

ha (Pel.) 18 

Ithi (Pam.) 25 

hi (Kan.) 240 

hlalil>azhtnn (Mai.) 18 


J 

jAiwmAMii 58 

jAroH'.s 185 

Jade, Indian ('Prade) 542 

Jaimanj^al (Madhya Pradesh) 5.39 

Jtiinni* (Assam) 42 

Jalanunidvi (Mar.) 1 24 

jalasbanikluda (Ouj.) 124 

Jatdhania (Delhi) .364 

Jalkhuinbi (Hindi) 124 

Jalkutra (Kumaun) 245 

Jalidija (Madhya Pnulesh) 160 

Jama Jdiala (Kan.) 286 

Jamba (Mar.) 286 

Jamba ('Pam.) 247 

Jammi diet I a (Tel.) 247 

Jamni (I’ltar Pradesh) 268 

Jam rad ((hij.) 286 

Jamrakh (Cuj.) 286 

Jaman (Punjab) 268 

Jamanni (Lilar Pradesh) 268 

Jand (Hindi) 247 

Jandariy^e (Kan.) 64 

Janyle jalehi (Hiiuli) 140 

Jaiiyli amli (Hindi) 51 

Janyli frast (N.W. Himalayas) 211 

Janyli ^ajar (Mar.) 221 

Janyli khajar (Hindi) 17 

Janyli pan 1 1 7 

fanhe nanjnm (Saiiial) 189 

Jaoyan (Mikir) 14 

Jarak (Kumaun) 42 

Jaramla (Hindi) 54 

Ja.sim:r 556, 558 .342 

Jera sayna (Punjab) 266 

Jermei-kyn saze (A.s.siiii) 514 

Jermei-soh-yon\nh (A.s.s;iin) 514 

Jchfinpatr (Mar.3 525 

Jhandakai (Oriya) 240 

Jhankrikath (Nepal) 17 

J ha tela (Hindi) 245 

Jhinitani (Oiij.) 220 

Jhinkaphal yhas ((hij.) 282 

Jhnjhra (Dellii) .524 

J ham pari (Oriya) .36 

Jiapata (Hindi A' Beng.) 525 

Jin (Beng.) 185 

finajHinann oyhrad (C>uj.) 189 

Jinari (Cachar) 169 

Jiuti (Santal) ■ 197 


Jitray (Kumaun) 

42 

jmeansa (Mikir) 

377 

Jai-lata (Bcng.) 

185 

Janyli pan (.Sikkim) 

117 

Jati (Hindi) 

525 

K 


Kaarbnka aiisi (Pam.) 

296 

Kababa chini (Mar.) 

94 

Kababrhim (Chij.) 

94 

Kabab chini (Hindi Ik Beng.) .. 

94 

Kabuli kikkar (Hindi) 

245 

Kabuli matar (Himli ;■ 

125 

Kachal (N.W. Himalayas) 

45 

Kachhla (N.W. Himalayasj 

45 

Kachlora (Hindi) 

142 

Kada-me! (Santal) 

259 

Kadashiny (Mar.) 

5.S9 

Kadirpachai ('Pam.) 

182 

Kada ((hij.) 

49 

Kada adike (Kan.) 

64 

Kadayarnhini ( Pel., 'Pam. A: 


Mai.) 

49 

Kada sampayc (Kan.) 

164 

Kaenlh (Piiiiiab) 

529, .3.3.3 

Kaiar (Ka.'.hmir) 

78 

Kaikuanyra (Assam) 

5LS 

Kail (Hindi. Kashmii A’ Pradei 

64, 78 

Kajnr (Beng.) 

25 

Kakarashinyi (Indi.'in Ba/.aar) . . 

121 

Kakei (Punjah) 

299 

Kakhash (Punjab) 

299 

Kakra (N.W. Himalayas) 

120 

Kakra sinyi (Indian Ba/.aar) . . 

121 

Kakri (N.W. Himalayas) 

120 

Kakria (Nepal) 

144 

Kaknch (Beng.) 

296 

Kakar thntne (Nepal) 

196 

Kalai (Chij.) 

I.SO 

Kala isabynl (Hindi) 

155 

Kalakat (Punjah) 

268 

Kala mail (Chij.) 

99 

Kalamnrich (Hiiuli A' Ikiig.) 

99 

Kaldnna (Kumaun) 

14 

Kalikath (Nepal) 

189 

Kali-kadai (Kan.) 

249 

Kalimirch (Hindi, Beng. ^ Mar.) 

99 

Kali riny (Punjab) 

546 

Kalli-mandharai ('Pam.) 

161 

Kalla rki ( Pam. & Mai.) 

22.S 

Kalnmirich ((hij.) 

99 

Kal pakka (lam.) 

142 

Kamaradin 

2.S9 

Kambadamara (Kan.) 

187 

Kamlaa (L'liar Pradesh) 

225 

Kampa yammadi ('Pel.) 

240 

Kanakamaka (Mai.) 

64 

Kanak-champa (Hindi A' Beng.) 

509 

Kanaka chain pa (Oris a) 

5t)9 

Kandan tippili (Tam.) 

96 

Kandvnr tiara (Mundari) 

249 

Kandi (Ciij.) 

247 

Kandrc (Jaim.sar, Oarhwal & 


Kumaun) 

45 

KandycO‘ptim (Lepeha) 

199 

Kanyany-machan-pilln (’Pam.) . . 

199 

Kanyar (N.W'. Himalayas) 

120 

Kanyanabally (Kan.) 

.392 

Kaniar (Himli) 

.309 

Kanikar (Guj.) 

224 

Kanknla (Mar.) 

94 

Kanodia (Hindi A' Guj.) 

55 

Kantara (Bihar) 

54 

K.\c)1.in 

52 

Kara (Mai.) 

.360 



Kard-chcmmtrn (Mai.) 



22S 

Khiikri ((*uj.) 


25 

Krn/r 

313 

Kttradut (Oriya) 



1S‘> 

Khar (Hindi) 


247 

Indian 

316 

Kanildstina (’IVI.) 



4 

Kharak ((bij.) 


25 

Troimcai. 

314 

Kdrtimilft (Mindi) 



24,1 

Khara nanel (Mar.) 


240 

Kukar makri (Uiiar Pradesh) 

194 

Kantiij (Hindi, lU-n^., Mar., 




Kharvu (Punjab) 


5.44 

Kaki (Assam) 

196 

(«iij., Kiiiiiaiiii i’unjab) 



206 

Kharhar (Utiar Pradesh) 


160 

Kakronda (Beng.) 

161 

KarttHja (Hindi, briig.. Mar. 

it 



Kharjara (Kan.) 


18 

Kulfa (Hindi) 

219 

c;uj.) 



206 

Khariarama (Ti*l.) 


18 

Kallouada (Bfirnbay) 

4 

Kitrhckhii^a (Kan.) 



2% 

Kharauara (Himachal Pradesh) 

24.1 

Kidn (Nepal) 

225 

Kart /uihitli (Sailri it Oraiiii) 



IIS 

K harsadahonyaaa mali ((hi j .) 


:16 

Kumara (Nilgiris) 

17 

Kanlitnc (Assam) 



206 

Kharsiag (Mar.) 


359 

Kundar (Punjah) 

219 

Kart hnram ("ram.) 



18 

Khasi kaUn (Tam.) 


5 

Kupanli ( Pel.) 

38 

Karc (Kan.) 



.16.1 

Khatc fhaical (Hindi) 


220 

Kuppi (Pel.) 

61 

Kart' nifiiasti (Kan.) 



yy 

Kht'jra (Hindi) 


247 

Kttrfah (Mar.) 

219 

Kart't (Pnnjal)) 



147 

Khcrt'Xiid-tak (I aishai) 


169 

Karkha (Kiimaun) 

1.49 

Kant‘( ht't'tfi (Mai.) 



2iy 

Khijada (Chij.) 


247 

Karrcra (Mar.) 

36 

Karikt't'iai (lain.) 



219 

Khoja (As.sam) 


225 

Kura (llindi it Beng.) 

49 

Karikkadi -t hem nicfii (Mai.) 



2.10 

K hoada- (tar tali (Ori ya) 


359 

Kiirumulaka (Mal.) 

99 

Karima (Nepal) 



190 

Khorjjari (Oriya) 


IS 

Karan^as (Kashmir) 

226 

Katindit ('I'am.) 



119 

Khahani (Hindi) 


2.46 

Kuraulhumbi (Kan.) 

170 

Katiajntla (.Mai.) 



.14.S 

Khar\a (llindi) 


219 

Kuruttu nclli (Mal.) 

.16 

KariujttUci (Tam.) 



34.S 

Khatti (Nepal) 


188 

Ki'.sx.maki 

170 

Karka (Kiimaiin) 




Kiaai ((hirhnal) 


,153 

Kashmiara (llindi) 

256 

Karkatasria^i (Mal. it Indian 




Kikra (Punjab) 


.164 

Kush t ha nashi ni (Sans.) 

296 

ha/aar) 


121. 

148 

Kiloni (Kiimaun) 


.146 

Kutaki (Mar.) 

49 

Kaikun (Piinjah) 



.192 

Kl.NO 


,104 

Kuthittre (Kumaun) 

204 

Kanuili (Clnj.) 



221 

I.MIIAN 


302 

Kuthurka (Kumaun) 

204 

Karjmkkari (Mal.) 



296 

M.\i.ahau 


,102 

Kulki (Hindi it Beng.) 

49 

Karpar^fam ('Fain.) 



296 

KirativUi }^ida (Kan.) 


,14 

Kyiu^bi (Lepcha) 

225 

Kanti (Puiijal)) 



49 

Kirhalli (Kan.) 


17,4 



Karshu (Kiimaun) 



.4.S4 

Kirkla (Kashmir) 


360 



Karapalai (Tam.) 



.125 

Ki::ha iiclli (Mal.) 


34 



Kararali ('I'am.) 



I6i) 

Kloishu (Piiiijah) 


354 

Labshi (Nepal) 

188, 312 

Kar:i'i (Kumann) 



IS 

Kihijtlut (Mal.) 


2.19 

I.aiiy's 'Piii mh 

200 

K.\s\i 



204 

K(h homah (As.sani) 


199 

iMi^huloaika (Sans.) 

220 

Kashshiiiff (Hindi) 



18 

Kodttitltmdi ('lam.) 


.112 

L.vc.o.s B\n.s 

374 

Kasru (Nepal) 




Kodakande (Kan.) 


142 

Lahsuaiya (Hindi) 

,141 

Knt-hhaluka (Assam) 



169 

Kodathani (Mal.) 


312 

Lakar-sem (Beng.) 

294 

Kat champtt (Oriya) 



164 

Kodiaii ('Pel.) 


I.SS 

Lal-ay^ada (Bombay) 

1.49 

Katcha futHa (Mal.) 



144 

Koditamarai ('rant.) 


124 

Lai bhain ainalah (Hindi) 

36 

Kalvhat (Lusliai) 



299 

K Of la k kaafm U (lam.) 


140 

l^al larmlmay (Andamans) 

144 

Katha chamjta (Hindi) 



.109 

Kojari (Oriya) 


2.'> 

l.aUhamcli (Bmnbay) 

.157 

KalhalHtharia (Ben^.) 



.192 

Kojiri (Oriya) 


17, 24 

l.al champa (Mar.) 

166 

Kathcchamal (Mar.) 



220 

Kokkr (Kan.) 


142 

iMichandaa (Hindi it Beng.) .. 

,105 

Kalhfla (jaunsar, (tarliwal it 




Ktdi’tut (Kashmir) 


.160 

Isol chila (Hindi it Oriya) 

162 

Kumann) 



4,1 

Kola-khamtotii' (Assam) 


189 

Lal-chitra (Beng.) 

162 

Kali (.Mar.) 



.46 

Kolakottalhfkka (Tam.) 


240 

I.al rhitrak (Mar. it Oii j.) 

162 

Katlu sanilyaHji^i ( Tam.) 



14.1 

Koliori (Assam) 


189 

ImI i^tdainchi (Sanial) 

166 

Kallufuixaru (Tam. it Mal.) 



4 

Kolui^ida (Kan.) 


312 

l.al miiadajaurali (Mar.) 

36 

Kalaka (Sans.) 



19 

Konml (Hindi) 


22n 

Isoltan^^ (Lahul) 

40 

Kalakarwjaui (Tel., 'I'am. it 




Koaakarajmiri (Tel.) 


119 

LambapaHi (’Prade) 

144 

Mal.) 



49 

Kotnha (Mai.) 


231 

iMmshin;^ (Bhiilan it Kumaun) 

78 

Kalid (Hindi) 



,46.1 

Ktmda-ila (Tel.) 


24 

Laachamumlaku ('Pel.) 

119 

Katurnhiui (Sans.) 



49 

Koada jamifyauda ( IVI.) 


28.S 

thaa^ (l.adakb) 

40 

Katuh'kka (Mal.) 



240 

Konda aanv^a ( IVI.) 


.16.1 

Lauiya (Beng.) 

.221 

Koala (Kiimaiin) 



17 

Koadalwka ( Pel.) 


64 

{.AIMS l.A/ri.i 

51 

Kaarknalati (Mal.) 



296 

Kaudt* malic (Kan.) 


196 

Swi.ss 

,142 

Kanadoiii (Kumann) 



14 

Kaaki (’Pel.) 


119 

Isttrbaraa (Assam) 

197 

Kay.haathan-i'lu'mmtt'a (Mal.) 



229 

Koonaaakoombamara (Kan.) 


3.49 

Lalakasturi (Beng.) 

296 

Ka:iirali (Mar.) 



:192 

Korancy chia^ri (Beng.) 


2.10 

I.cthai koltai (’Pam.) 

119 

Kftla at'Ui (lam.) 



.44 

Koratijo (Oriya) 


206 

lA’kh Ixiiyua (Norlh Bengal) . . 

282 

Krjar (Beii};.) 



2.4 

Koriti ( Pel.) 


I. 48 

lA'lkttk (Andamans) 

312 

Kckra ((wirhw.'d) 



17 

Konikkajatli (Mal.) 


140 

Li-rrrcK 'PRi;r. 

119 

Kt'laafi (As.sani) 



196 

Kotokoi (Sanial) 


240 

lain i f :i:, W.vriai 

129 

Kcmkantramulam (Kan.) 



162 

Kottarnfmli (Kan.) 


140 

l.il kathi (Sanial) 

192 

Ki'mfmi^aadha chfkkc (Kan.) 



.10.4 

Kotasamoathi (( )riya) 


240 

Lim (Himachal Pradesh) 

78 

Kemfut lU'la nrlli (Kan.) 



,16 

Koar (Kashmir) 


49 

Lima Bkan 


Kt'sali (Kan.) 



.111 

Koyya ('Pam. it Mal.) 


2S6 

Bi'kim-'.k Brsir 

6 

Kt'snt (Punjab) 



19.4 

Ktisanii (Oriya) 


163 

Br.sii 

6 

Khad shvrni (Mar.) 



:i6 

Kruiiffura (llindi) 


24.1 

C'liAM.KNca-; 

6 

Ktiaila (Kumann) 



.1.1 

Knisbal (Kiiniaiin) 


'262 

('ii(u-oK.\TK Brown (Si'i.tani) . . 

6, 8 

KhailuTca (Kumann) 



.1.1 

Kshira champa (S;ins.) 


164 

Oorill.K WlllTK 

6, S 

Khair vhaml>a (Mar.) 



164 

Kudali (Beng.) 


34 

Fi.vr 

6 

Khajitr (Hindi, Beng., Mar. 

it 



Kudapayal (Mal.) 


124 

Florida Bi'ttkr 

6, 8 

Ouj.) 


17, 1« 

, 25 

Kadrnjavi (’Pel.) 


325 

Fori)1I(M)k 242 

6 

Khajari (Hindi it Oriya) 


24 

. 25 

Kadumi (Hindi) 


186 

Hkndkr.son Bosh 

6 

Khakarrt'l (Cluj.) 



.416 

Kitduru (’Pel.) 


325 

Hoim»k 

6 


VI 



Pol,K 

6 

Potato 

6 

SlNC:i.E WlIITK 

6, R 

Specki-ku 

6, 8 

Wii.Drw 

6 

WlI.I.O\V-I.E.\VEI) 

6 

Labia (Hindi) 

8 

lAtbiya (Punjab) 

5 

Lokatidi (Mar.) 

.393 

Ijikhaadi (Mar.) 

.345 

Ijdaffu ('Pel.) 

.310 

iMlf^u (Tel.) 

311 

Louak (Punjab) 

219 

Lauamht (Sans.) 

219 

Lntdka (Sans.) 

210 

t Andy a (Hindi) 

220 

Lubar safr (Punjab ik Kashmir) 

42 

Luhuriya (Kuinaun) 

147 

Lujra ((>arh\va1 & Kuinaun) . . 

18.3 

Lunyrar (Punjab) 

200 

Isuni ((hij.) 

220 

I.ynf^ianf'hru (Khnsi) 

22.3 

Lyuf^aianf'-masi (Kliasi) 

223 

M 


Mavhakai ('Pam.) 

.351 

Mavhvchi (Delhi) 

189 

Mai'hvti (Delhi) 

201 

Machichi (Ullar Pradesh) 

201 

Machikai (Kan.) 

351 

Machikaya (’Pel.) 

351 

Mavbati (Hindi) 

195 

Mavhutif (Beng.) 

195 

Madana (Sans.) 

360 

Madhu fuhnif (Assam) 

202 

Madhuri tvuf^a (Lakhimpur) .. 

106 

Mad karai (’Pam.) 

360 

M\nR.\.s 'PnoK.v 

140 

Maduhd ('Pam.) 

317 

Madu sulcui' (Assam) 

202 

Mafradhi (Alai.) 

06 

MxoNr.siii: 

52 

M\c;nktitk 

51 

Maha\*are (Kan.) 

363 

Middal (Nepal) 

360, 363 

Maidal-Iara (Kastern Himalayas) 

1.S8 

Maiaakat-lara (Kasferii 


Himalayas) 

1.S8 

Maiuphal (Ifindi. Beiij'. fi. 


Carhwal) 

360, 363 

Maitantas ('Pel.) 

3.3 

Majakaui (.Mai.) 

.351 

Majuphal (Hindi & Ben;'.) 

.351 

Makahuaran (Delhi) 

.377 

Makhamsra-phani^ (Assam) 

189 

M.VLArimE 

51 

Malaiichani ('Pam.) 

24 

Malani pvrakka (Mai.) 

285 

Malam thodali (Mai.) 

311 

Mala viriam (Mai.) 

311 

MalcukizhanvUi (NTal.) 

.392 

Mai bar (Bombay) 

203 

Mali (Afar.) 

182 

Mantrchf (Punjab) 

202 

Man^a (Tel.) 

360 

Manj^allrta (Santal) 

202 

Maufrari (Kan.) 

360 

Marani' sukuripota (Mundari) . . 

202 

Marcha (Nepal) 

190 

Maricha (Sans.) 

99 

Mnrukkallatikav (Tam.) 

360 

Ma-seiuthli (Khasi) 

200 

Mashikai (Tam.) 

351 

Maaikanda (Oraon) 

4 

Mashm (Punjab) 

202 

Mast Trek 

187 


Mastic 

.. 120, 122 

Bo.mhay 

123 

Masun (Kashmir) 

202 

MaUdam (Mai.) 

317 

Malar (Hindi & Btmg.) 

124 

Malar dal (Hindi) 

139 

Matazar (Hindi) 

42 

Matin jam (As.sam) 

2.W 

Mati-pluirmva (Caro) 

2.39 

Matsa kanda (Tel.) 

.309 

Mayvuif (Jaunsar) 

300 

Mazii (Hindi) 

.351 

Ma/./ard 

262 

Mkaiiow Cra.ss 


At.pine 

168 

Anncai. 

168 

Bn. HOI'S 

167 

Dwarf 

166 

Fl.VlTENKn 

167 

Korcui 

168 

S.MCKITII S‘rAl.KEl) 

167 

Wooi> 

168 

Meda lumri (Hindi) 

144 

Mrhal (Hindi) 

333 

Mckahi (Assam & N.E.F.A) 

16. 17 

Mela nelli (Tam.) 

35 

Mrradu (I4inrli & l^*n;'.) 

190 

Mrrtr arak (Santal) 

201 

Merino (Punjab) 

222 

MEsgriTK 

! ’. 24.S 

Mt‘“A:ar rashbetry (Punjab Ik 


Delhi) 

39 

Mhal (Hiiuli) 

243 

Mhntiffhal (Mar.) 

219 

Michepnar-kunf' (1 ,eprba) 

100 

Mic;NOM-;rrK 

394 

Milai'U (Tam.) 

99 

Mii.kwokt 


C'OMMON 

102 

Red Kye 

190 

Yei.i.ow 

190 

Mindhal (Mar. & Guj.) 

.360 

Mineral ('.keen 

51 

Mint, ViiuaNU Mofntai.n 

.326 

Mirai^u (Hindi) 

100 

Miravfla (Mar.) 

116 

Mire (Mar.) 

99 

Miriyala lij^e (Tel.) 

99 

^firtcn^a (Assam) 

240 

A / isa^i-joUa phaufr (A ssam ) 

225 

Mitha dttdia (Hindi) 

103 

Milha-jira (Beng.) 

61 

Mocha chiui>ri (Bong.) 

231 

Mocha Stone 

.342 

Mof (Assam) 

142 

Mokh (Delhi) 

34 

Mol (ITindi) 

333 

Molai^an (Tam.) 

217 

Mon (Assam) 

360 

Monv/ite 

20. 30. 375 

Moni^ai (Oriya) 

188 

Mooli (Tam.) 

311 

Mora'i^os (Assam) 

309 

Morin (Oriva) 

240 

Morinda (Jaunsar, Garbwal 


Kumaun) 

43 

Morion 

. . 3.)6, .341 

Mnrisu -u. 'arai ('Pam .) 

204 

Morfa (Assam) 

300 

Moru (Punjab) 

.346 

Maso-sifrar-haphan$( (As.sam) 

17 

Moss, Rose 

221 

Molhi-arni (Guj.) 

240 

Motibhonyaanmali (Guj.) 

.36 

A fotihh uiavali (Mar.) 

36 

Mali luni (Guj.) 

219 

Mali popti ((^ijj.) 

38 


MorviKAK 1(59 

Miu'hktiUfi (Hiiifli, IWnj;. & 

M;ir.) .. 310 

Muchkiititl (Hindi) . . 309 

Muhuri (Bcti};.) . . 61 

A/mi fira (Bihar) . . 34 

Muikautam (Bihar) . . 36 

Mui koa (Biliar) . . 34 

Mnktm (laishai) 311 

Mnlii (Hindi. Bt-iij'., Mar. A: 

(III j.) . . 367 

Mulaiutbi (Tain.) . . 359 

Miihikfi (Sans.) . . 367 

Mnli (Hindi, IWng., Mar. & Cliij.) 367 

Mulifmhnu (Tam.) 31 1 

MuUitu^i (Tfl., Tam., Kan. \ 

Mal.y . . 367 

Mullili (Tam.) 1S6 

Munry kiray (Tam.) . . 240 

\funj;ira (Hindi) .. .^66, 371 

Muujhu riikha (Bcnj^.) 161 

Munna (Nfal.) . . 240 

Miinnety (Tam.) . . 240 

Muphal (Hindi) .351 

Mura (Hindi. Bcn^., Mar. (k 

(mj.) . . 367 

Mufi (Hindi. Bcni;.. Mar. 

(iii j.) . . .367 

Miir\hion kiiu;^ (I.e|Kh.'t) 17 

Murtrui^a ('I'ladr) . . 240 

MitrukkaHi (Tam.) 119 

MunniUkkndi (Tam.) .. 110 

Mum'a birr .. 100 

MrscoviTK . . 52 

Mi'sknckr.v .. 170 

Muskumla (Bciik-) . . 300 

Mutbakolafifmu (.Mai.) .. 142 

Muthi sai^a ((3riya) .. 201 

MultajHiyal (Mai.) .. 124 

Murila (.Mai.) . . 283 

.\fuyy(ikttp(niua (Td.) .. 283 

N 

Xai^aduuflilam ('lei.) . . 350 

Xaji^aru ('IVl.) . . 240 

Xa^asi'firamu (Tel.) . . 33 

Xai^aialii (Tel.) . . 84 

Xaj^unrl (Oiij.) . . S4 

Saiara (Mnndari) . . 106 

Nai kinnhaji^am (Mai.) . . 267 

.\airi (Giij.) . . .33 

\ai Ihraa (Kan.) . . 230 

Xakiilsi ('I'ani.) .. 186 

.\al (A.s.sam, Beiig. & Punjab) . . 33. 283 

\ala (.Mar.) .. 33 

Xaiam (.Mai.) .. 33 

Xali ((bij.) . . 33 

Xallaika ('IVl.) . . .363 

Xalla kakisha (Tel.) . . 363 

Xananiulakii (Mai.) .. 00 

Xiillaliulatti ('Tam.) 302 

Xalla Hsirike (Tel.) . . .35 

Xaatlru (Punjab) .. 40 

Xanjuniiai ('Pam.) .. 143 

Nauiiana (^Ial.) . . 33 

Xara (Pun jab) . . 33 

Xaradu (Tel.) 310 

Xara maamidi ('Pel.) 187 

Xaraiubali ('Pam.) .. 170 

Xarau-chevinuru (Mai.) . . ?.2S 

Xara:r (Kan.) . . 240 

Xarai'u ('Pel.) . . 240 

Xaridai .. 186 

Xarikt‘1 ('Prade) .. 312 

Xarkul (Hindi) . . 33 

N.\kk.\ . . 302 


VII 



\iini (1*1111 i:il)) 

\ftrn,.nlii (K;in.) 240 

Xaslijhiti (1*1111 jail 
ritar rraiksli) 

\iiytik’ult(innti ( IVI.) 2SJ 

Xttilu nrtirfmht ('IVI.) '2.^9 

Ni.( r\uiM. 274 

Scdunar ('I 'am. it Mai.) IJ^O 

Xffhniiimt ('lain.) 11^9 

Xftliihrint (Mai.) 220 

\ti tnmlli ('I’ain.) 2S.1 

Xirt-h'uni^ (fAiKha) 7S 

(.\iar.) 190 

\rlii ni'Hi (Kan.) 

Xflftsatnjwni^i (Tfl.) 1S4 

.V<7rt.wi»i/»///mr (Kan.) 184 

\rlti tisirika ('IVI.) M 

Xiitzti (lliitfli) 

\t‘fuili h(inii (Ik'H^.) 190 

Xcllaliniittmuru (Kan.) 186 

Xrttilhi^dnt ('lam.) 187 

Xiald (I’linjab) 20.^ 

Xihfiui ('ram.) 345 

Xit'lKt ('lam.) 34.S 

Nii-.i'A iV\KK 34.^ 

Xikahi (Assam) 10 

Xilttiscilm hi ('I'am.) 189 

XiItiS(imlMHf>i ('I’am.) 184 

Xil mam (llimli) 341 

Ximhuramni (Oriya) 249 

Ximhuni (Oriya) 249 

Ximtita (Assam) 47 

Xilui (Kan.) 34.S 

Xira (Hindi) 27 

Xirnhmluhi (Ti’l.) 124 

Xint .ijtniiii'iii ( IVI.) I'^O 

Xirit kaniyidlit (Kan.) 197 

Xiru sarnie solijm (Kan.) 197 

Xjodi II jolt d (Mai.) 38 

Xnlii (Oriya) 33 

Xniiiyd (As.sam) 219 

Xumhtmi^ (I.c|K'lia) 309 

Xiniiya (KriiR.) 220 

Xiiiiki (Di'lhi) 34 

Xiini vardhddlu ('IVl.) 164 


o 


B\n 

349 

III. I K J.XI'ANKSK 

34S 

IIrow.v 

354 

UlK 

356 

OIIKSTMT 

356 

r.«>Kk 

.355 

Dykks’ 

:i5i 

Km.ii.sii 

. . 349, 356 

Kl KOIM-.AN 

356 

Gxn. 

351 

(b(i:i:.\ 

3 16 

Oiir.Y 

.149 

Ifdl.I.Y 

349 

I1(1I..M 

.349 

KiiAKsiir 

354 

l.xruii. 

356 

M«ur 

346 

TlUKlSIl 

356 

Wddi.i.Y 

353 

OraiKK 

50 

Kill 

51 

Yfi.i.ciw 

51 

Ofhtn^ml ('lain.) 

392 

0,1* 111 (Oriya) 

163 

Olehi (Pun jail) 

266 

0.\v.v 

336, 33S, 342 

OlMI. 

3.^6, 338, 342 


Oi<\n(;k, Mcm k 

13 

'fKiroi lAi'i: 

205 

( )iu inn 


Mimi.n 

1 

Mom 

1 

OK'IMITK 

375 

Ole dlil ha (Miiiulari) 

239 

Ole ehdiithta (Miitidari) 

IS9 

06' merai (hi liar) 

Mi 


Paataald^diii (Tcl.) 

Ml 

f\utlddld ^antda (Vv\.) 

Ml 

Pat lidpamli (Cuj.) 

182 

Pdchdlidl (llciij;.) 

182 

Paehiht (Mai.) 

182 

Paehali (Hindi) 

182 

I*aehinmilldi (Tam.) 

239 

Paekur mul (IWii^.) 

198 

Paddrafifutii ('I’am.) 

364 

Pd/iduh ('I’radf) 

300 

l*\|l\l K, A.NOVMAN' 

300 

M\i.\y 

302 

Padtlam (Hindi) 

264 

Padniak (Kcnj'.) 

264 

Padmakd (.Mar.) 

264 

Padma kaslha (Mar.) 

264 

Padma kdlhi (Cluj.) 

264 

I*\imi riu.K 

359 

Pad-erl (Mar.) 

170 

Puaiiix 'Pkkk 

164 

Pahddi liijuH (Oriya) 

285 

l*ahdri (Assam) 

312 

Pdhdti pan (1 limli) 

117 

Pdiiari jutyara (IWng.) 

285 

i\ihaii (nfial (|aun.sar) 

212 

Pdhari pipar (flindi) 

117 

Pahari-pipul (Bt iij^. A' As.snm) . . 

117 

Paid (Punjab) 

262 264 

Pakh (N.W. Himalayas) 

214 

Pdldkd uiidiit (.\fal.) 

311 

Indian kdeehi ( ram.) 

267 

Pai.m 


IVwiitoo 

374 

Ivory Ni t 

42 

PlIAICOAIl’s 

374 

'lAi.rx 

42 

'rR\VI'.I.I.KR.s’ 

391 

Wl.NK 

374 

Pamhanmi (Mai.) 

311 

i\iii (Hindi, Bcii);., Mar. A* Cbij.) 

84 

Paw S\i r 

124 

Paiuir (Hindi) 

363 

Paiij^la (Bombay) 

IS3 

/*i/ii.i(/i (Mar.) 

182 

Pdui-mdriehd (Bviig.) 

198 

I^diiji (l.c|n'ha) 

360 

Paiijoii (Sanial) 

186 

thill liana (Kan.) 

249 

Pdiinikara (.Mai.) 

36.1 

thinlliapddop (Brnp;.) 

.391 

Pdphak (Lcfjdia) 

283 

thiptiri (Punjab A Kiimaiin) . . 

206 

Papild ('Pradc) 

307 

Pdpra (Hindi A Ik'iiR.) 

170 

Pdpri (Hindi A Punjab) 

170 

Parakozhuppa (^Tal.) 

226 

Paral (Mar. A M.'idliya Pradrsli) 

196, 359 

third III pit (Mai.) 

247 

Paras (Punjab) 

268 

Paiisd (iMai.) 

224 

Parnai ('I’am.) 

299 

thirptiok (r.cpcha) 

283 

Parfmii (Cnj.) 

38 

Par Ini (Traclc) 

45 

Parti ppiikiray (Tam.) 

219 


Parni'dkodi (Mai.) 

Ihildlay^aiidhi (Kan.) 

224 

377 

Ihildli^ariir (Oriya) 

377 

Paldiilit (Tcl.) 

124 

thilelid (Mar.) 

182 

Ihilctidpan (Mar.) 

182 

Pali he leiie (Kan.) 

182 

PAicaiori.i 

177 

Ihillidriia (A.ssam) 

197 

Palhiri (’ram.) 

359 

Ihilliondi (Mai.) 

312 

Ihiltiura liar jam (Bciir.) 

225 

Pdltniriia hhela^iid (I-akhimpur) 

197 

Ihille kdins (Nepal) 

353 

Pdltrea (Oriya) 

360 

Ihilraiiy^diii (Mai.) 

.305 

Ihilldiii ('I’am. A Mai.) 

124 

Pallani jyarnppn ('ram.) 

1.39 

Ihiliisna (Nepal) 

199 

Jhiliel (Mar.) 

170 

Ihnili (Tel.) 

220 

thiyahi kiira ('IVI.) 

220 

Pi:a 

124 

PiKi.n 

125 

(jXKIlKN 

1.25 

SiiKl.i.lNi; 

125 

Src:\R 

125 

Pka. Oakiik.n ok I'lia.ii 

124, 125 

Ai.iikkman 

127 

AMiantiAN WoNor.H 

127 

Asxiji 

127, 128 

B\n'('.ai.oki-: Locm. 

127 

Bi.ri-: Bantxm 

127 

Bowi-.vii.i.r. 

127, 128 

BK 2 

127 

BK-12 

127 

BIMI8 

127 

BK 178 

127 

Dakikki.inc 
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I )i:si 

127 

Di’.si B\i NX 

127 

l)i;si Bxi .NX (l.r« K.Noxv Bon'iyx) 
Di.si 'I’mts (Bikiikx. Dxni.x 

127 128 

KX|MXIIXI.|) 

Do Ki itx (Kirivxn, Limdin. 

127 

OK (blKK.N l•l■:A.ST) 

127, 1.28 

1)1 KI: OK Ai.iixw 

127 

Kxkiy Bxook.k 

127, 128 

Kaki.y I)ki:i-;mbkk 

127, 128 

Kxki.y OixNr 

127, 128 

KxKKY Pl RKKlTION 

127 

KxRI Y Id Kk.kok i' 

127 

Kaksiii 

127 

riRsr Id Kk.I'okt 

127 

llXKX BxINX (C’lllNX) 

127 

HrMlKK.IlKOI.ll 

127 

IMMIKK. WuiNKI.nil 

127 

Kxiixnki r WiiriK. 

127 

Kxi.i N.xuiki 

I *7 
127 

KilXKXKKilK.nX 

Kin.nai-ki (Si.mi,.x) 

128 

I.I.\t:Ol.N (l)ARANTIX Kxil») 

1 27 

Lu ii.k. Mxkvki. 

12 128 

|ji\f; Makkowk.xt 

127 

l.lfKMlXV Bo.NIYA 

127 

MxNCK.rorr 

127 

Markoxykai- 

127 

No. 23 

127 

No. 43 

127 

N.P. 29 

12 . 128 

N.P. 29 (Kakn.xi, Pka) 

127 

P-S (Pkk.mu m (7k.m) 

127, 129 

P-35 (Pk.ri'kti'ai.) 

127, 129 

Pkkki-ks.s 

127 

IM.I). 

127, 129 

Poona Local 

127 
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Kadio 

127 

SlMI.\ KaNNAI'KI 

127 

SyIA’IA 

127, 128 


127 

Thomas Laxton 

127 

’rvPDs 17, IH 

127 

'IVpks 19, 56, 61 ik 165 

12 128 

Wai 

127 

Pka( II 

274 

OiMMON 

274 

Fi.at 

274 

IV.Acii, Common 

274 

Ai.kxandkr 

275 

HAHC:0(jK 

275 

Cl.INC;STONK 

274 

C. (). Smith 

275 

J)i'KK OK York 

275 

Kari.y Kjvkks 

275 

Ki.hi-'.rta 

275 

I'OS I KW 

278 

Kkkkstonk 

274 

IIalkkktx (^iant 

275 

HONKY 

275 

J. If. 11X1.1. 

275 

Kii.i.ikaka.\kii'; 

275 

IV.ki-.c:kink 

275 

Kk.h C!i:ym>n 

275 

Ki:ii \i;f txrim: 

278 

I<l-.l» WiNC 

278 

Shahh. 

276 

SIIA.SCIIAI Ski-.ih.im: 

275 

Sll\KH.XTI 

275 

Toi Al'XKl 

275 

Pkxk 

527 

ClIIM'.sK 

554 

ClHAK 

527 

Common 

527 

('OI N I KY 

534 

Kl WOIM-.VN 

527 

Imuan Km) 

249 

jAI'XNKSr 

528, .554 

Sanh 

554 

Snow 

527 

NVh.h 


l*i;xu, C!o.mmon or Kcihiim-.an 

527 

IUi:l oosii 

>28, 551 

IVXRTI.KM 52S, 

.151, 

Jfl-IRRI-: IIXRIIX 


Citron hks C1\u.mi.s 

5.28 

('l-XI'p's FWOI Rill 

52S 

(’O.M I Rl .N< 1. 

528, 5.15 

Doyi'n.M': III CoMici 

528, 5.15 

I)k (',1 Yol 

52S 

I'.ASIKK Hi'.l RRI. 

52.8 

Kmii.k h'IIiasi 

528 

Jakcom-.i.i i-. 

555 

•NlxRir. l.orisK ii’Ct i 1 1; 

.128 

Nxkii Kxsiimiki 

.1.11, .1.1.1 

'I'llOMIVSIl.N-S 

528 

Vll lOKIX 

5.15 

W'll.l IXMI-.S UoN C'llRIlH N 

.128, 5.1.1 

Wi.viiiR Ni;i.is 

.128, 529 

PivXR.S, MyRRIO 


Doi i.i \s 

554 

(;VRHKK 

5.14 

Kikkfkr 

.151 5.14 

1 .Kf :oNTi-; 

.154 

I*1NKA 1*1*1 ,r. 

554 

Smith 

5.14 

('IVl.) 

364 

Pcddai^i ('IVI.) 

505 

Pt'thhi-iUi ('IVI.) 

25 

Pcdda niailr ('IVI.) 

564 

Pcddfi mna (Tel.) 

240 

Pcddu-mdli kanra ('IVI.) 

2.19 


Pvdda luiyilikura ('IVl.) 


219 

Pt'hnli (fliiicli) 


182 

Pcndttri (Mar.) 


363 

Pi'kidra (Oriya) 


363 

Pv}ima (Ladakh) 


222 

l*r.i*i*r.R 

Hi.A( K 

99, 

107 

Inhian Lonc; 


96 

J XMAlrV 


58 

|\VA Loxt; 


116 

Nh.oiri 


117 

PoiTJlKH 


117 

rAII.RIl 


94 

W.xtkr 


198 

Whitk 


108 

Pki*i*i:h, Ili.xi.K 

99. 

107 

llAi.AMcorrx 

lOO. 

106 

(!ih:kia Kanixkahan 

lOO, 

108 

Clir.KIAKOIll 


100 

Chi MA1.A 


100 

Dooiuca 


100 

Kai.i.i'Vai.i.i 

100, 

108 

K \RI.MC;<IT| V 

100, 

106 

KXKI.MrNllA 

100, 

108 

Kakivxi.i.i 


100 

Karivii.xni hi 


100 

Kottanaoxn 

108, 

109 

Kinthiiakohi 

100, 

109 

KrniiRAVAi.i 

100, 

109 

M \i.i.u;ksar V 


100 

N XRAVAKOIM 


100 

Pax.mxir 1 

PTRlMkOHI 


100 

'rAI.ll'ARAMBA No. 1 


101 

T.xttisarx 


100 

rilllK\N(’0*n X 

100. 101. 

108 

WOKXI.XMORXTA 


100 

Pl.l*l*I.R WoRl 


198 

Peru (Mai.) 


286 

Pertdu (Mar.) 


560 

PvUi Ui liaiikay ( ram.) 


18 

Pvriyaiunilta (Mai.) 


192 

Pnit ((iuj.) 


286 

PvYumtd andi (Taut.) 


166 

Pent what (Kaii.) 


247 

I*tiuinhay ('I'am.) 


247 

I\‘n4 Nanai ('lam.) 


55 

Perunh'atai ( ram.) 


.^65 

Peyata (llcnj;.) 


286 

/diai^irht ((;ii(.) 


516 

Phaiat (\rpal) 

518, 

555 

Phalsh (N.W. Himalayas) 


214 

Piuntasi (Ciiij.) 


8 

Piianat ((iarlixval) 


549 

1‘hani^la (Mar.) 


182 

i*hniiuiNl (Kumaun) 


548 

l^liaral-sini'tiali (Nc'|ial ) 


.LS2 

Piiarnnj (Kiimaiin) 


548 

I^iialincr (Piiiijali) 


517 

Phaya (Hindi) 

Phi'lini!^ (NVfial) 


264 


285 

I'heira (.Mar.l 


565 

PliiahalNi (Lakhim)>iir) 


l96 

1*!iin janiuti (Saiit.il) 


2.19 

Pliirhc-lera (Ni'|kiI) 


.192 

Phaliii (Mar.) 


58 

PllONPliORllK 

. . 29, 51 

1, 51 

Phuheara (Himachal Pradc.s)i) 


245 

Phnuher-pm (faishai) 


312 

Phuntani (.Mar.) 


190 

Pms.sava, \Vk.st Akkic xn 


574 

Pilihintuyastm (Cii j.) 


190 

Pi.MKNTo 'I'rkk 


58 

PlMPKRNK.I. 


64 

Pimpli (Mar.) 


96 

Pinari (Tam.) 


240 

Piiididn (Iliiuli) 


363 


Piiidru (KHinauii) 


565 

Pink 


64 

Ai.ki*i»i) 


82 

Akmonh’s 


82 

Put IAN 


78 

Pmk 


78 

(!anxry I.si.a.M) 


82 

C'.XKiixm-'.AN Pitch 


82 

C'iiii.(:f)/\ 


65 

C^illK 


69 

C.I.I SIKR 


82 

C^xrsican 


82 

1)ic:c:kk 


82 

I llMXLAYAN 1 .ON(;-I,KAVia> 


69 

1 loNDI HAS 


82 

JXPXNKSK Ul.A( K 


82 

Kiiasi 


66 

1 .Hill ni.i.Y 


82 

Maihiimk 


82 

.M x.s.siin’s 


82 

.Mh.mkrky 


82 

OuKcaiN 


284 

PxiriA 


82 

'r\Vl)-I.K.AVI I» Ni l 


82 

/Vn/ni/ji (Ladakh) 


222 

Pino 


l70 

/*ipal (Hindi) 


‘^6 

Pipia (Sikkim) 


117 

lUplattmr (Benjr.) 


96 

l*i plant id (Hindi) 

96. 98. 

116 

Piplas (jaiinsar) 


212 

Pipli (Hindi & Cuj.) 

96. 

116 

Pipimli (Mai.) 


96 

Pippdi cram.) 


96 

I*ippnlf>it ('IVl.) 


96 

Piralo (Pen)*.) 


.16.; 

Piri kattiura (Pihar) 


54 

Pisatffi^i ('IVl.) 


119 

Pisara (.\Iar.) 


145 

I*isla ('Iradc) 

. 1 20. 

122 

PisiAi ino 

. 1 20, 

122 

Pitc h, PritcH NnY 


47 

Pilslial (Pell)*.) 


.102 

Pinniar (Piinjah) 


1.^9 

Piniili (Kiimaiin) 


592 

Piyara (Pen);.) 


286 

I^xaii ( IVI.) 


ifiO 

Pi.xNK, Okiimai. 


l.v4 

Pi.x.MAiN Si:i:n 


l.\l 

Pl.XSMA 

’>6. 558. 

.14? 

Pi r.M 



.\PRII III 


280 

Pl'KIII-KlN 


160 

C'hi.rkx 


264 

Common 


269 

1 XPANKSI'. 


279 

NIyrohai.xn 


264 

Simon 


280 

Pi 1 M. (!oMMn\ 


269 

Damscin 


270 

CrXNO Dl Kh 


270 

(dUKN (;A(a 


270 

MxYNxun 

270, 


SPI I.NIN)rK 

270, 

271 

VicroRix 


270 

Pl.l M, Japxnksi. 


279 

AHlNflXNCr. 


280 

PkAI’IY 

280. 

281 

PRican Kkh 


280 

PrUKIlANK 


280 

(V/.AR 


280 

K,\c:II.SIOK 


280 

CXVIOTX 

280, 

281 

I 1 XI.K 

280, 

281 

Ki-.i.si;y 


280 

Rriiio 

280, 

281 


IX 



S\MA Kf.s\ .. 2S0, 281 

Satsimv .. 280.281 

SiiiKo . . 280, 281 

\Vl( KSfIN . . 280 

IM.rMf:c»T.s . . 257 

l*nfl(in^finari ('fani.) . . 240 

P()iM)i>iiYi.i I'M, Ami:ric:\n .. 174 

Im>i\n' 170 

Poiluntliit (Oriya) 325 

PoKK, Imiian . . 42 

Pniisiifti^a (Oriya) .. 183 

Panuttiti ('IVI.) . . 240 

P()Mr.(;K\N.\TK 317 

Ai..\m>i .. 318 

318 

Diiolka 318 

K\i»ri. 318 

KxMiiiARi .. 318, 321 

MrsKMi- Kki} 318 

Papku SiiKi.i. .. 318 

l*jx>N\ .. 318 

Si'AMsii Ki'Ry 318 

Vadki 318 

VKi.i.(>iir .. 318 

Pnmii^ra (Tam.) .. 218 

Pwi}^a (Tam.) . . 206 

Pon\^ulam (Mai.) . . 325 

Pim)^am (Tam.) .. 206 

Pnovaltni-chvmmvvn (Mai.) . . 230 

Poplar 211 

Balsam 211 

Blacik .. 211.214 

Oaroi.ink 215 

Himalayan 212 

Indian . . 214 

Lomiiardy . . 214 

Wiii'iK .. 211 

Yinnan .. 215 

/'o/^/» (Oiij.) .. 38 

PnthiuU (\\\) .. 310 

Potinnssu (Oriya) .. 186 

Ptmdi'mullu (Kan.) .. 180 

Pkask . . 336, 342 

Prasui (Mar.) 124 

Pric;ki.y-Siiiki.d Kkhn . . 204 

PuiMROKK . . 242 

OiiiNKsr. . . 243 

Princk's Fi':\riiKR 200 

Prita (N.W. Himalayas) . . 65 

PsYLIAl'M 

BLAf'.K 153 

Blond 148 

pRKNCII .. I.S3 

Spanish I. >3 

Putitiu ( ram.) . . .364 

Pulfizn (Tam.) .. 311 

Pulikaitn (Assam) . . .Ui3, .^64 

Pulliktrm i'i'iiiw.) 210 

Pun}r,t ( Tel. Mai.) . . 206 

Piitnm (Mai.) . . 206 

Purphiok (Ix'pc'ha) . . 283 

PrusLANK, Common 219 

KiTt iiKN (;aki>kn .. 219 

!*ttruni-s(i}r {Oriyii) .. 219 

Putajan (Mar.) . . 325 

Puthany^knlli 175 

Pulhorin (Pun jal>) . . 48 

Pnlivhhul (N.K.P.A.) . . 47 

Putijia (Hindi) .. 325 

Putkitli (Mayurhhanj) . . .36 

Putrajii'd (Kan.) . . 325 

Putrajirika (Tel.) . . 325 

Putranjha (Hindi Brn);.) . . 325 

PyahdiThu (Bhiilan) . . 327 

Pyrociilokk . . 375 

PvRoi.rsM K . . 52 


Q 


Qi'.\M.viaiii. 

140 

Quartz 

AvKNirniNK 

336, 337, 342 

Amktiiy.stink 

337 

Buow.n 

.. .3.^6, .HI 

C'at's kyk 

. . 3.V>. .341 

C'ROtaiMlLlTH 

.. .H6. .HI 

Ground 

52 

Milky 

.. .3.W. .341 

Kosk 

336. .537, .341 

S.MOKY 

.. .H6. .341 

'riOKR’s KYK 

341 

VVllUK 

.. .3.36, 341 

Ykli.ow 

341 

QuAR I'ZITK 

. . 336, 3.39 

Qi'assia, Jamaica 

48 

Surinam 

. . 48, 345 

Quii.i.aia Bark 

357 


R 


k\iimT-F<Mir Grass 

203 

Radish 

367 

Baramasi 

.168 

(’llINA Ro.SK 

360 

(!hinksk Pink 

369 

Frknch Brkakfast 

.360 

Japanksk White 

360 

Jaunpuri Mooli 

.368 

.Miyashigk 

369 

Nkwari 

368 

Pariskk 

360 

Pi RPi.K 'Pop Wih'ik 

.169 

Pus A Dksi Wjiitk 

369 

Rapid Red Round 

369 

RviTaii. 

366 

Scarlet (;i.onK 

369 

White Icilk 

360 

W<K>j)*.s Lo.st; Fr.\mk 

360 

40 n.ws 

360 

Raffia 

373 

Raff ha (jaiinsar, («arliwal & 


Kiimauii) 

43 

Rai (N.W. Himalayas) 

4.1 

Raihanj (Kuniaim) 

35.1 

Rtiini (Kmiiaiin) 

143 

Raisalia (Kiiniaun) 

78 

Raja II iff and ha (lk*iig.) 

184 

Rajiiiah (Hindi) 

8. 11 

Rajiiiiia (Tel.) 

189 

Rakaiiinki (Tel.) 

14.1 

Raktachaiidaii (Hindi, Ik-iijjf. 


A' Oriya) 

.305 

Rakta-chitra (Hindi) 

162 

Rakla ji’aiidhaiitu ('IVl.) 

.305 

Raiiihha aroiiii (Alikir) 

14 

Raiiiraj (Hindi) 

50 

Raiiirotor (('achar) 

.153 

Ranatali (Hindi & (-uj.) 

35 

Ran^hol (Mar.) 

220 

Ran^foiniiiaUc (Tel.) 

.357 

RANCRNIN CtREKPER 

.357 

Raiif^finn-ki hrl (Hindi) 

357 

Raiif>unachaivl (Bombay) 

.357 

Raiiiphid (S;intal) 

201 

Raiij (Kuinaun) 

3.S3 

Raii-iiiaiishi (Bombay) 

1.3 

Rara (Kiimaiin) 

.360 

Rasaiui (Hindi, Mar. & Oiij.) . 

161 

Rashhary (Delhi ^ Ihinjab) 

39 

Rashaim (Hindi, Mar. & Ouj.) 

161 

Ralanjali (Giij.) 

.305 

Ratim (Nepal) 

203 

RatO’chatro (Guj.) 

162 


Ran (N.W. Himalayas) 

43 

Rani'olfia (’I rack*) 

377 

R.vuvolfia, Malabar 

.391 

Rtf (N.W. Himalayas) 

43 

Reddi.k 

51 

Red oxide 

51,52 

Red sunders (Trade) 

305 

Redzcnnd, Andaman (Trade) 

.300 

Reed, Common 

32 

Relink (IkMig.) 

118 

Reshaini (Punjab) 

161 

Rettiyan (Mai.) 

267 

Rhada ehainfm (Guj.) 

164 

Rhai (Jaiinsar, Garhwal & 


Kiiiiiaiin) 

43 

Riiatany, Peruvian 

196 

Rheeoin (lA'peha) 

14 

Riar (N.W. Hiitialaya.s) 

4.1 

Ribbon («r\.ss 

2 

Rikamir (A.ssam) 

215 

Rin (Punjab) 

349 

Rinj (Punjab) 

.349 

Rinsaif (Pun jab) 

42 

Rock Cry.stal 

. . 3.36, .3.39 

R»k:k Piiosimiatf. 

. . 29. .30. 31 

Rni (JaiiiLsar, Garbwal A' 


Kiimaim) 

43 

Riiiiffach i ta in n lo (( )r i y a) 

162 

Rosin 

6.S, 75 

Ruddle 

51 

Rnkhtiln (Mar.) 

39.3 

Rnkhri (Delhi) 

161 

Rnini inastaki 

122 

Rniif^-f^tnii^-ihu (1 .epeba) 

.360 

Rnnool (1 .epeb.'i) 


s 


Sadaiiacnr-inani (Benj;.) 

.34 

Safeda (N.W. Hiinalay.'is) 

211 

Safed hel (Uiiar Pradesh) 

215 

Safed safari (Hindi) 

28(1 

Safed Sana (Hindi) 

I.S5 

Safihy (Lepch.'i) 

327 

.SV/, 1^1 ('Pam.) 

25 

Sahni}^ (A.ssam) 

274 

Sakh i pelh na in ( 1 .iisha i ) 

.311 

Salla (N.W. Himalayas) 

43 

Sainadera (Kan.) 

.345 

SX.MARSKU'E 

375 

Sami (Giij.) 

247 

Sanaparni (Sans.) 

283 

Sand 

.13.S 

S\NDAL Wood, Red 

.305 

Sandtiarai>a (Kaii.) 

184 

Sandiame (Santal) 

189 

Sandstone 

3.36 

San jaljatia (Oriy.'i) 

189 

Sanna/iesarc (Kan.) 

186 

Sauna iehalu (Kan.) 

25 

Sanaehadn (Oriya) 

.377 

Sarai (IJllar Pradesh) 

202 

Saral (Benjj;.) 

66 

Sarala (Hindi) 

69 

Saranuun (Hindi) 

42 

Sard 

. . 336, 342 

Sardonyx 

. . 336, 342 

Sari (Piinjai}) 

256 

Sarmei (Punjab) 

161 

Sarpaf'atidha (Suns.) 

377 

Sarfiagandhi (Kan.) 

377 

Sat balon (Ihinjab) 

199 

Sat isnhffol ('Prade) 

153 

Saunder (Mar.) 

247 

Sattnf (Hindi) 

61 

Saunff fMckiKtw 

61 

Sauri urak (Santal) 

.. 197 
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Suvali Iwepul (llinili) 

II.S 

Siih-jhiir (A,s.sam) 


.1.1.1 

Tat tele mara (Kan.) 

312 

Stnconf (Hindi) 

61 

Snhmmtril (Khasi) 


243 

Talufi (Hiniaehal Pradesh) 

243 

Svhap (1 «cp('ha) 

17 

Soh-shiir (Assam) 


.13.1 

Tali (Mai.) 

299 

St^he hcmnu (Kaii.) 

286 

Snlei (Kashmir) 


I.S9 

'Pi'.A, Homkhi\n 

195 

Scvntae htiNdsv (Kan.) 

140 

.Sr>i.(iMON*.s Skai. 


192 

Hi'Mi-.r.s* 

195 

Scfmai arali (1'am.) 

166 

Sump (Mar.) 


61 

'Pi'.AK, AssXM 

15 

Seenmi koyya (Tam.) 

28.S 

.S'foi r ham pa (Mar.) 


164 

llVSTXRII 

240 

SvfTHppu arali ('lam.) 

166 

Sup (Oriya &' Ne|ial) 


61 

Tt jii (Nipal) 

47 

Si‘ho (Assaiii) 

210 

Soplunji( (Kha.si) 


170 

'I'eUajama ('I'el.) 

286 

Scliop (laishai) 

.155 

Supii ('lei.) 


61 

relphetru (Mar.) 

.163 

Srni (Hindi) 

5 

Sum put ri mot (Oriya) 


249 

'Pi.Mi*i.K 'Phkk 

161 

SvmpuUn'ii (Tam.) 

.110 

Sims (Hindi) 


219 

Teiiittii (Alai.) 

18 

St'ntrii (Cuj.) 

247 

Spaiii'-cha (1 .ahiil) 


222 

'Pkkrk ViaeiK 

51, 52 

Semhi (Mar.) 

25 

Span}( jha (Punjab) 


222 

Thadei ('Pam.) 

310 

Sknkua 

191. 24.1 

Sl*K\HWOR'l. CjHKAT 


.166 

1 ha Ilf:, hail- jail (Assam) 

17 

SKKI'KNTINK 

,177 

Spkckhoom 


221 

Thiiiikal (Kumaun) 

24 

Seta chalfotula (Miindari) 

.192 

Sphatik (Hindi) 


3.19 

Thelli-iiiemmeiii (Mai.) 

230 

Sevasti ('IVl.) 

116 

Spocki. Skkok 


148, I.SO 

Thit^isht (('.am) 

47 

Shaftalu (Hindi) 

274 

.SiMirc-.K 


43 

Till jiiifr-ph(iii{( (Assam) 

15 

Shakakul (Punjab) 

19.1 

Ki'kopkan 


43 

rhikiiii}> (Gam) 

249 

Shalaparni 

28.1 

Nokw.w 


43 

Thiiif'-hatzc'aiii>-anmf> (As.sam) . . 

15 

SlIALKS 

51. ,S2 

Sikkim 


47 

Thiiif^-hviifr (Mikir) 

327 

Shalshi (Nepal) 

,152 

Sitka 


4.1 

Thii\\:-rumau (l.iishai) 

170 

Sha ntahari nffi ( Ni*pa 1 ) 

4S 

Wk.si ||im\layan 


43 

'rtiilkaiidii (Andamans) 

204 

SUamhe kayi (Kan.) 

294 

Sudalau ('I'am.) 


!7 

i hit min (Andamans & 'Prade) . . 

169 

Shamhhaluka bui (Hindi) 

117 

Siifeda (N.W. Himalaya.s) 


211 

Thlaii}f-p^^ (l.iishai) 

169 

Slutmi (benjj. & Oriya) 

247 

Sufiaudhaltautak (Sans.) 


296 

Tliultmli ( Pam.) 

.111 

Shcaboi*e (Nepal) 

.10 

Suf^andharaja (Kan.) 


184 

Thullakkali ('Pam.i 

38 

Shvf^hcl (Punjab) 

.1.13 

Suaiiij^ari (Kan.) 


267 

ThuUhakkali ('Pam.) 

39 

Shcln (Afar.) 

28 

Stik.di (Tel.) 


.16 

rhupali (Alai.) 

.111 

Shemri (Mar.) 

247 

S iikamlaraji ('Pel.) 


181 

rtiurekaii'i ( Assam) 

NO 

Shnifr Uikso (Mikir) 

47 

Snkhehriit (Punjab A' Kumaun) 

206 

r hut lie (Nepal) 

199 

Shenra (Peng.) 

.16 

Sukiiriputa (Mundari) 


225 

ihurat^fi (’Pam.) 

226 

She era (Mar.) 

17 

Stilesuppii (Kan.) 


119 

Tibiluti (Nepal) 

143 

Shezera (Mar.) 

24 

Sini^na (Lepeha) 


2.19, 241 

Tibilli (Nepal) 

14.1 

Shiara (Punjab) 

129, 3.1.1 

Situf^ia (Hindi) 


.166 

Ti,t:e-i:aitiieru (’Pel.) 

.157 

Shiftdar (Kashmir) 

.149 

Siiti-ichil (Kan.) 


24 

Tikpi-kuufi (Lepeha) 

142 

Sh Hi 11(1 (Mar,) 

17. 24 

Supurnlid (Mundari) 


377 

Ida pant III (Mai.) 

.105 

Shim (Kumaiin) 

364 

Sural (Hindi) 


.116 

Tdauiija (N.W. Himalayas) 

212 

Shimia hatraji (beii^.) 

.116 

Siireta (Hindi) 


189 

Tiloiij (Kumaun) 

346 

Shimlar (Punjab) 

349 

Siirxaka it ta maiii (Hindi) 


.139 

'PiMoiiiY (Jrvs.s 

13 

Shimli (Mar.) 

2.1 

Sun (Hindi) 


219 

riiii^alazari (Kan.) 

8 

Shinfi>ra (Gam) 

35.1 

Siisa (Hindi) 


219 

Till zea-lei (Khasi) 

.192 

Shitranj (Kashmiri 

162 

Stisii (Hindi) 


219 

Tipari (Hindi) 

38 

Shitray (Kaslimir) 

162 

Sustik (llenj;.) 


219 

Tipariya (llenj;.) 

18 

Shhaitabhihalli (Kan.) 

.177 

Sutei (1^1 11 jab) 


317 

I'ippali (Kan. & Mai.) 

96 

Shhappii keela tielli ( I'ain.) 

.16 

Siitiii^i' (Assam) 


315 

Tippili ('Pam.) 

96 

Shalar (Punjab) 

40 

Siitraiiavi (Kaii.) 


377 

Tipiti (lliliar) 

1 

Shnmhu (Tam. A' Kan.) 

61 

Suvapaz'dl- puriyan (Ma 1 .) 


377 

Tiptii tair^itjji (llihar) 

I 

Sh<mr (l.adukb) 

224 

Siivza ('Pel.) 


218 

Thru (Hindi) 

316 

Shrai(tu}>hn'fla (Mar.) 

8 

Syaii (Kumaun) 


212 

Tirridi (Mar.) 

.192 

Siali (Punjab) 

316 

.S' V a tew- hull* k.\ir (K hasi ) 


.192 

rirdbirsi (llihar) 

36 

Sih rai-hi' da m (( !aeha r) 

392 




Titahahak (A.s.sam) 

14 

SlK.NNA 

.10, 51 




Tila i:aehh (Lakhimptir) 

14 

Sila siipari (Kashmir) 

349 

T 



Titahaehi (Assam) 

189 

.Sll.VKl<\VI-:i;'.l> 

222 




Titaphiil (A.ssam A Lakhimpur) 

14 

Simachinta ('IVI.) 

NO 

'PAIIA.SIIKKK 


37 

Tithu (Punjab) 

48 

Si m jen,ira ( Af u n 1 1 a r i ) 

377 

Tada (Tel.) 


310, .111 

t'oduiiji'-pait-fHirau (Khasi) 

377 

SiHj’ani (Nepal) 

311 

Tada-miri ((Juj.) 


91 

I'tdilub (Kashmir) 

3f)fi 

Sinfiri (Hindi) 

.166 

Takapana (Hindi A Beiig.) 


124 

Tukamiriyalii ('Pel.) 

94 

SlPYI.ITK 

.175 

Takkite (Kan.) 


240 

Tukrihet (Nepal) 

1,SS 

Strata (Kumaun) 

316 

Vakpier (lA'pcha) 


140 

roktfu kuiif: (l.epeha) 

.127 

Sirutiiffe soppti (Kan.) 

201 

Takpyit (lA‘{K'ha) 


140 

Tulli (Assam) 

283 

Sira pot ta ^ida (Kan.) 

146 

Takla ruhita (Kan.) 


197 

'PO.MA I II.I.O 

37 

Siralrn (Hindi) 

13 

Taktd (Nepal) 


17 

'PoMATii, AIk.mc.a.n (Mayan) 


Siri (Lepeha) 

148, .15.1 

■PAi.f: 


52 

1 II SK 

37 

Sir limit lam (Tam.) 

96 

Tamalapaku ('Pel.) 


84 

S'lK.VWBKKltY 

37 

Sint Ivkku (Tam.) 

2.19 

'Pamakino, Mami.a 


NO 

Tuiif:sehi (llhiitan) 

78 

Sishuk (Peuf;.) 

219 

Tamhada chaitdaiia (Mar.) 


:io5 

'Pol'V/, P.U .SK 

.141 

Sisumar (Sans.) 

219 

Tambii (Mai.) 


247 

Snmai 

.141 

Sitamani (Hindi) 

.1,19 

Tamhiila (Sans.) 


84 

Turatu (Oriva) 

164 

Sivappii ehamlanam ('Pam.) 

.105 

Tambuli (Hindi) 


84 

Tus (N.W. Himalaya.s) 

4,1 

Si.A'ir. 

51. .V2 

Tammata (Tam. Ik Kan.) 


14.1 

'Pkiim.itk- 

29, 30 

Smart WKK.n 

200 

Taiida meral (Santal) 


36 

True (1*11 n jab) 

202 

Sn.\KK-R(K)T 

196 

Tatijif (Punjab) 


33.1 

'P.SCIIKri-KlMTK 

.175 

Snow (!kkk.i»mk 

216 

Tankari (Alnbarashtra) 


3 ? 

'PrBKRO.SE 

184 

Soap Park 

.157 

Tasad-chandua (Mundari) 


4 

Ttikini (Nepal) 

199 


XI 



Tulcora (Assam) . . 249 

Tnia (Bcng. Assam) .. 312 

Tiilati Jwti (Hindi) .. 38 

Tunutri (Ifintli) 239 

Tumhtt kndm vli (Mai.) . . 163 

Tumri (IVhra Dun \ Carhwai) 17, 143 
J'uH^rhir (Li’|K'ha) . . 47 

Tuftkcl (Mar.) . . 2S6 

TunittuiHal ufirtfipu (Tam.) .. 119 

'rrui»K.Ni iNK . . 65 

u 

I hhina (Kan.) 187 

( ’i hchi usirH^a ('I’d.) . . 

Tr/f (Coor^) 359 

I'nia (Mar. & (fiij.) .. 186 

Ijmhkhs 51,52 

I'mto jvvru (Otij.) .. 148 

I'Nhni (Assam) .. 187 

I 'plHuhki (Sans.) . . 220 

rri (Mai.) 36 

I shuna (Sans.) . . 99 

I’stahuntla (Hindi) 240 

V 

Vfutda ^tnuifru (Td.) 164 

yatlamkotlui ('I'am.) 2.^0 

Vtithmarni (I'am.) 3.S9 

Vuhni (Kan.) 163 

Vdl mitaku ('lain. & Mai.) . . 94 

IViri (Pimjah) 349 

yartitha futtUnii (’ram.) 139 

yatam-knitu (Mai.) 250 

l alt zuk (laishai) .. 15 

I'dttft fmlyti (Tam.) .. 311 


Wtltu nr Hi (Tam.) 

36 

(Uombay) 

13 

yttyila (Mai.) 

175 

lyarmcaili ('I'd.) 

3.S9 

I'vdan^kvntia (Mai.) 

3.S9 

Watani (Mar. Ik Guj.) 

124 

yvthwtrinum ('lam.) 

359 

Wki.d 

394 

ychkali (Mar.) 

143 

lyclhtuida (Andamans) 

169 

yth'yvuii (Mar.) 

143 

WlliU.K, IHl.KKN 

217 

i rlali salct (Ouj.) 

119 

F.\l.se Kii.i.kk 

217 

yfllti chamfiiikam (Mai.) 

166 

Inuian Pii.c>r 

217 

1 'ella-rhnumven (Mai.) 

228 

Kii.i.kk 

217 

1 'Mikotiuveli (Mai.) 

163 

T(Mmii:i) 

217 

VKLI.I’M Stonks 

336 

WlIAl.KBONE 

217 

I’rlluta mndvia nmkku (Mai.) 

196 

W'ojarh (Oriya) 

188 

(Mai.) 

30.1 


I'rMi'r/i ('I'am.) 

.300, 302. 303 



yvniirl (Cluj.) 

170 

X 


yvrrixaaptt ('I’d.) 

.392 



I'cttihi (Mai.) 

84 

.\k\otimk 

375 

yvtlilai ('I'am.) 

84 

.\'c \cl aura (Kiliar) 

36 

I't vii z'ardhdithi (Td.) 

166 


Vidalttksh maiii (Hindi) 

341 



yidftrikand (Guj.) 

316 

Y 


yidt'chdlMna (Mar.) 

84 



I'ikhari (Mar.) 

14.3 

Yc}ri ( I't-I.) 

.303 

yilayadele (Kan.) 

84 

Yvktiddi (Mar.) 

143 

yddyati babul (Hindi) 

.. 140,245 

YKi.i.nw-Wo()n, Oteniqua 
Yvrra chandmiamu (I'd.) 

170 

I'ilayati chinch (Mar.) 

140 

305 

yihtsati imli (Hindi) 

140 

Yvrravci^isa (Tc*l.) 

. . 300, 302 

yiUtyali khcjut (Hindi) 

245 

Yvsii (Mar.) 

.39.3 

yilayati kikkar (Hindi) 

245 

Yirn (Kashmir) 

78 

yilla (Mai.) 

189 

Yita (I'd.) 

17 

1 isanuti^olu (Kan.) 

148 


VlVIANlTK 

29, .30 

z 


w 


/Minbchidc (Kashmir) 

268 



/.ardalu (Hindi) 

. . 2.36, 258 

W'afraila (Mar. 'I'am.) 
M’disift-thin^ (1 .iishai) 

. . 360, 36.) 

Zczcali (Mar.) 

39.i 

309 

y.inakn nkhard ((hij.) 

201 



XII 








33«.(»/COU 



<8351 





